
THE CONTENTS OF THIS SECTION ARE 
THE HIGHEST QUALITY AVAILABLE 
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amounts subsequent ly  have been reduced by decay; f o r  example, t h e  
2,248 C i  r epo r t ed  dur ing  1974 were reduced t o  684 C i  through t h e  
process  of r a d i o a c t i v e  decay by t h e  end of t h e  year .  A s  a t y p i c a l  
q u a l i t a t i v e  composition of t h e  waste, t h e  n u c l i d e s  which con t r ibu ted  
t h e  a c t i v i t y  dur ing  1974 are shown i n  Table  111-18. 

The seepage ponds t o  which waste from t h e  TRA es tab l i shments  
i s  discharged have been descr ibed  p rev ious ly  ( s e e  Sec t ion  II .A.7) .  
Waste s o l u t i o n s  from t h e  water treatment p rocesses  and cool ing  towers 
o r i g i n a l l y  were discharged t o  t h e  same pond as t h e  low-level r a d i o a c t i v e l y  
contaminated l i q u i d s .  The water process  wastes were s e n t  t o  a s e p a r a t e  
pond beginning i n  1962, and t h e  cool ing  tower wastes t o  a w e l l  i n  
1964. 

Low-level waste a t  ICPP is  d ischarged  d i r e c t l y  t o  t h e  groundwater 
a q u i f e r  system v ia  a 598-ft-deep w e l l ,  t h e  bottom of  which is  140 f t  
below t h e  top  of t h e  water t a b l e .  About 47 m i l l i o n  g a l l o n s  from 
a f u e l  s t o r a g e  b a s i n  were d ischarged  t o  a seepage p i t  between 1954 
and 1966. 
33  C i  of strontium-90, 34 C i  of cesium-137, p l u s  o t h e r  n u c l i d e s  
of minor consequence 181982 83,1031. 

This  conta ined  about  500 C i  i n c l u d i n g  380 C i  of t r i t i u m ,  

Waste from t h e  NRF r e a c t o r s  and f u e l  handl ing  f a c i l i t y  has  
been discharged t o  a seepage pond b a c k f i l l e d  wi th  coarse  g r a v e l  
o r  rock. The amount of w a s t e  d i scharged  i s  i n s i g n i f i c a n t  when compared 
w i t h  t h a t  of TRA and ICPP. 

Discharge a t  o t h e r  l o c a t i o n s  a l s o  has  been q u i t e  s m a l l  when compared 
wi th  t h a t  a t  TRA and ICPP; f o r  example, d i scharge  a t  TAN w a s  made v ia  
f o u r  w e l l s .  
w e l l  w a s  d i r e c t e d  t o  a diked 35-acre area i n  1972, t o g e t h e r  w i t h  e f f l u e n t  
from t h e  sewage t rea tment  p l a n t .  
acres has  been provided f o r  f u t u r e  LOFT opera t ions .  Concentrat ions of 
a l l  r ad ionuc l ides ,  except  tritium, w i l l  be  less than  0.1% of  t h e  Drinking 
Water Guides[40]. 

Only one w a s  ever used t o  any e x t e n t ,  and d ischarge  t o  t h i s  

An excavated pond covering about 2 .3  

The ANL area o r i g i n a l l y  involved t h e  now r e t i r e d  EBR-I ,  southwest 
of  CFA. 
a c t i v e ,  and d ischarge  is  t o  a seepage p i t  excavated i n  b a s a l t .  

The EBR-I1 i n  t h e  sou theas t  c o m e r  of INEL i s  p r e s e n t l y  

Liquid waste from CFA is contaminated by laundry and l abora to ry  
waste. 
of a t rea tment  p l a n t  and a subsu r face  dra inage  f i e l d .  

I t  is  re l eased  t o  t h e  s a n i t a r y  sewage system c o n s i s t i n g  

Other es tab l i shments  such as OMRE, SL-1, and SPERT discharged 
s m a l l  amounts t o  ponds b e f o r e  being r e t i r e d  o r  d i sman t l ed [a l .  

C. Land Commitment and Impact 

Discharge of w a s t e  v i a  a w e l l  commits only t h a t  s u r f a c e  a rea  
r equ i r ed  f o r  p i p e l i n e s  l ead ing  t o  t h e  wel lhead s t r u c t u r e .  The s t r u c t u r e  
usua l ly  r e q u i r e s  less than  50 f t 2 .  

[ a ]  Addi t iona l  d e t a i l s  are found i n  Sec t ion  X, P a r t  X.16.9. 

The waste i s  d i spe r sed  a t  depths  
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below the regolith; consequently, the soil is not contaminated by 
the accumulation of contaminants carried in the waste streams. At 
such time as discharge is discontinued, the lines, casing, and wellhead 
structure can be removed and the vegetative cover restored without 
any residual consequence to the land. 

In the case where waste streams are discharged to ponds, the 
use of land involves the actual area of the water, surrounding marginal 
areas, and contaminated subsoils which may have to be dedicated 
for an indefinite period of time. 

At TRA the surface pond area encompassed by the fence, the marginal 
area, and the contaminated subsoils involve about 6.5 acres. A retention 
basin in the discharge line has leaked and contaminated the subsoil 
over an area of about 2 acres. At NR?? about 4 acres are involved. 
The two ponds at TAN which are planned for future use cover about 
37 acres. Small pond areas at SPERT, OMRE, GCRE, and ANL, which 
are no longer used, amount to about 2 acres; however, very little 
radioactivity was discharged to these ponds, and the contamination 
is inconsequential. An area of less than 1 acre is involved by 
the subsurface drainage area associated with the CFA sewage treatment 
plant. Areas near the ponds may be contaminated to a detectable 
extent as a result of wind erosion. The pit into which the waste 
from the ICPP fuel storage basin was discharged contaminated an 
area of less than 1 acre. (This area has subsequently been excavated 
and occupied by a new building.) 
has or will be utilized for radioactive liquid waste discharge and 
can be considered permanently dedicated. 

In summary, a total of 52 acres 

d. Water Resource Commitment and Impact 

The effect of INEL operations on the water resource is related 
to quantity and quality. The volume pumped from beneath INEL has 
ranged from 1.37 billion gallons in 1963 to 2.878 billion gallons 
in 1974 with a mean for the 15-yr period (1960-1974) of about 2 
billion gallons. This is equivalent to about 6,000 acre-ft, or 
the quantity necessary to annually irrigate 1,500 acres -- depending 
on soil, crop, irrigation efficiency, and management. At a common 
rate of domestic use of 150 gallons per capita per day, 2 billion 
gallons would be equivalent to the amount used by a city with a popula- 
tion of 40,000. 

The estimated flow beneath INEL is 4.7 x gallons/yr[76]. 
The annual volume discharged by the aquifer into the Snake River 
by springs and to the land by irrigation wells is estimated at 2 x 
1012 gallons. About one-half of the water pumped from the aquifer 
at INEL is returned; therefore, the actual amount consumed represents 
about 0.2% of the flow under INEL and less than 0.1% of the aquifer 
discharge. Consequently, the quantitative effect of INEL operations 
on the water resource is relatively minor. 

About 20% of the water pumped at TFU eventually becomes radiologically 
contaminated. As of 1974, a total of 4 billion gallons (1.5 x 1010 

111-64 



l i t e r s )  has  been d ischarged  i n t o  seepage ponds. This  volume of water 
conta ined  a g ross  concen t r a t ion  of 2.7 x 10-3 p C i / m l  of r a d i o a c t i v e  
contaminants  a t  t i m e  of  d i scha rge ;  90% of t h e s e  contaminants  were 
shor t - l i ved  ( l e s s  than  30-day h a l f - l i f e ) .  The r e s i d u a l  c u r i e  amounts 
i n  1974, a f t e r  decay, were e s t ima ted  as: strontium-90 - 68 C i ;  cesium-137 - 
100 C i ;  and cobalt-60 - 72 C i .  

A s  a means of s tudying  t h e  environmental  e f f e c t  of  t h i s  d i scha rge ,  
l a b o r a t o r y  models w e r e  used t o  s imula t e  movement of t h e  waste. This  
a n a l y s i s  i n d i c a t e d  t h a t  t h e  s t ron t ium r e t e n t i o n  c a p a c i t  of t h e  

waste s o l u t i o n  seeps  below t h e  g r a v e l ,  then  spreads  u n t i l  i t  encompasses 
an i r r e g u l a r l y  shaped subsu r face  area as shown i n  F igure  111-30. A s  
i t  cont inues  t o  p e r c o l a t e  down t o  t h e  water t a b l e  400 f t  below, t h e  waste 
water pas ses  through s t r a t a  of  s o i l - l i k e ,  unconsol idated material i n  t h e  
b a s a l t .  These sedimentary beds average 80 f t  i n  t h i ckness  i n  a zone 
about  300 f t  t h i c k  (from 150 t o  450 f t  below t h e  s u r f a c e  of t h e  pond). 
About 25% of t h e  material i n  t h i s  zone i s  sedimentary.  These 
sedimentary beds are cons iderably  f i n e r  gra ined  than t h e  s u r f a c e  
a l l u v i a l  sandy-gravel l a y e r  and have a h igher  s o r p t i v e  capac i ty .  
The c a p a c i t y  of t hese  underlying materials t o  "sorb" s t ron t ium 
appa ren t ly  has  n o t  been exceeded, which e x p l a i n s  why s t ron t ium i so topes  
have n o t  been de tec t ed  i n  water samples taken from w e l l s  which p e n e t r a t e  
t h e  r e g i o n a l  a q u i f e r .  
and t h e  included f r a c t u r e  f i l l i n g s  i n  b a s a l t  have a n  average s o r p t i v e  
c a p a c i t y  of about  5% of t h e  average s o r p t i v e  c a p a c i t y  of sediments.  The 
s p e c i f i c  s o r p t i v e  c a p a c i t y  of b a s a l t  is much lower than  sediments  bu t  i t  
becomes important  because of t h e  r e l a t i v e l y  g r e a t e r  t h i ckness  a f  t h e  
b a s a l t .  This  study[1°4al e v a l u a t e s  t h e  p a s t ,  c u r r e n t  and f u t u r e  
cond i t ions  wi th  t h e  TRA pond s u b s t r a t a .  A t h r e e  segment numerical  
model w a s  used t o  s imula t e  t h i s  system. It w a s  concluded t h a t  strontium-90 
would n o t  reach  t h e  Snake River P l a i n  a q u i f e r  i n  d e t e c t a b l e  concen t r a t ions  
wi th in  150 y r ,  f o r  t h e  cond i t ions  assumed. 

minera ls  i n  t h e  r e g o l i t h  below t h e  pond had been f i l l e d  f 1041. The 

A r e c e n t  s tudy[ l04a l  estimates t h a t  b a s a l t  

The r e t e n t i o n  c a p a c i t y  of t h e  s u r f a c e  g r a v e l s  ( r e g o l i t h )  f o r  
cesium i s  g r e a t e r  than  f o r  s t ront ium,  and t h i s  c a p a c i t y  i s  f a r  from 
being dep le t ed .  For example, t h e  t o t a l  capac i ty  is  es t imated  a t  
2,500 C i  i n  comparison wi th  t h e  100 C i  involved i n  t h e  d ischarge .  

The r e c e n t  s tudy  [104a] of t h e  r e t e n t i o n  of  cobalt-60 beneath 
t h e  TRA ponds i n d i c a t e s  t h a t  cobalt-60 should behave s i m i l a r l y  
t o  strontium-90 except  t h a t  i t  decays f a s t e r .  Cobalt-60 d i s t r i b u t i o n s  
mapped from f i e l d  d a t a  i n d i c a t e  t h a t  cobalt-60 may be  a l i t t l e  
more mobile than  strontium-90. However, f o r  t h e  cond i t ions  assumed, 
t h e  s h o r t e r  h a l f - l i f e  of cobalt-60 would u l t i m a t e l y  prevent  measurable 
concen t r a t ions  from e n t e r i n g  t h e  Snake River  P l a i n  a q u i f e r .  

Cerium-144 concen t r a t ions  have n o t  been determined o r  mapped i n  t h e  
perched water beneath t h e  TRA ponds. 
is  appa ren t ly  h igher  than  t h a t  f o r  strontium-90 i n  t h e  sediments  
a t  TRA. Sorp t ion  and a r e l a t i v e l y  s h o r t  h a l f - l i f e  of cerium-144 
prevent  any measurable q u a n t i t i e s  from e n t e r i n g  t h e  Snake River P l a i n  
a q u i f e r .  

The s o r p t i v e  capac i ty  f o r  cerium-144 
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Fie ld  i n v e s t i g a t i o n s  were conducted i n  1968 and 1970 t o  supplement 
t h e  l abora to ry  modeling f i n d i n g s  L1O41. 
were obta ined  from below t h e  pond. These confirmed t h a t  t he  s t ront ium 
r e t e n t i o n  capac i ty  of t he  g r a v e l l y  r e g o l i t h  had been reached; however, 
more s t ron t ium w a s  being r e t a i n e d  than had been ind ica t ed  by t h e  
l a b o r a t o r y  tests. No r e s i d u a l  cesium w a s  found more than 1 2  i n .  from 
the  bottom of the  pond, which confirmed t h a t  t h e  r e g o l i t h  s t i l l  had 
a r e se rve  capac i ty .  

Samples of e a r t h  materials 

More r e s i d u a l  cobalt-60 w a s  found than had been p ro jec t ed .  

T r i t i um discharge  t o  the TRA pond has accounted f o r  about 10% 
of t h e  g ross  a c t i v i t y  a t  INEL s i n c e  1961. On t h i s  b a s i s ,  it has  
been es t imated  t h a t  approximately 6,000 C i  of t r i t i u m  have been 
discharged s i n c e  1952. Allowing f o r  decay, about 4,400 C i  would 
remain [76 1 .  These r e l a t i v e l y  l a r g e  q u a n t i t i e s ,  p l u s  t h e  c h a r a c t e r  
of t r i t i u m ,  provided a u s e f u l  tracer i n  i n v e s t i g a t i n g  t h e  environmental  
e f f e c t s  of waste d ischarge .  

F igure  111-31 shows t h e  d i s t r i b u t i o n  of t r i t i a t e d  water i n  
the  perched zone i n  the  b a s a l t  as of A p r i l  197O[76]. 
i n d i c a t e s  t h e  d i s t r i b u t i o n  of t h e  water a f t e r  i t  leaves t h e  ponds! 
and be fo re  i t  e n t e r s  t h e  r eg iona l  a q u i f e r .  A s  t r i t i u m  i s  not  s u b j e c t  
t o  s o r p t i o n  and as d i s p e r s i o n  should have reached a p o i n t  of diminishing 
e f f e c t ,  t h e  explana t ion  f o r  t h e  decrease  i n  concen t r a t ion  is  a matter 
of con jec tu re .  The recharge  from t h e  Big Lost  River  i s  be l ieved  
t o  have a s i g n i f i c a n t  i n f luence .  Decay ( t r i t i u m  h a l f - l i f e  of 12 .3  y r )  
accounts  f o r  only a s m a l l  p a r t  of t h e  r educ t ion .  The hydrodynamics 
of t h e  system may a l s o  be a f a c t o r ;  e .g . ,  t h e  water around t h e  o u t e r  
edge may be o ld  water which i s  not  being rep laced  by more r ecen t  
d i scha rges .  The f r e s h  water may be p e r c o l a t i n g  downward i n  the  
c e n t r a l  p a r t  of t h e  perched zone be fo re  i t  moves l a t e r a l l y  outward, 
thus  al lowing the  t r i t i u m  i n  t h e  o l d e r  water around the  edge t o  
decay. 

This  ske tch  

The ske tch  sugges ts  a sou theas t  d i r e c t i o n  of movement and a 
d e p l e t i o n  g rad ien t  of about 1 ,000 t o  100 pCi/ml i n  3,200 f t .  A s  
the  areal e x t e n t  of t h e  zone of s a t u r a t i o n  does no t  i nc rease  apprec iab ly ,  
i t  is  i n f e r r e d  t h a t  t h e  inpu t  i s  equa l  t o  t h e  seepage ra te .  Tr i t ium 
is  t h e  only  r ad ionuc l ide  de t ec t ed  i n  a q u i f e r  samples taken i n  the  
v i c i n i t y  of TRA. I ts  d i s t r i b u t i o n  is  shown i n  connect ion wi th  t h e  
fol lowing d i scuss ion  r e l a t i v e  t o  ICPP. 

About 90% of the  water pumped from the  ground a t  ICPP is  re tu rned  
by means of a w e l l .  
wi th  a mean content  of about 350 Ci /y r .  
a c t i v i t y  has  been con t r ibu ted  by t r i t i u m .  About 20 C i  each of strontium-90 
and cesium-137 have been discharged t o  t h i s  w e l l .  For many yea r s  
r a d i o a c t i v e  contaminants could no t  be de t ec t ed  i n  t h e  groundwater, and t h e  
movement of t h e  w a s t e  streams w a s  t r aced  i n i t i a l l y  by a n a l y s i s  of 
water samples  f o r  sodium and c h l o r i n e  ions  r e s u l t i n g  from common 
sa l t  s o l u t i o n s  discharged wi th  t h e  r a d i o a c t i v e  contaminants.  As 
more exper ience  w a s  gained a d d i t i o n a l  techniques w e r e  employed such 

The y e a r l y  average volume is  300 m i l l i o n  ga l lons /y r  
Between 85 and 95% of t h e  
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as analysis for tritium and other contaminants, determination of 
temperature differentials, and specific conductance. 
system was defined in more detail by such techniques as borehole 
geophysics, aquifer isolation, pumping, and tracer tests. Thus, 

The aquifer 
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t h e  n a t u r a l  f a c t o r s  c o n t r o l l i n g  t h e  movement and behavior of t h e  
wastes were de f ined .  
f low, d i s p e r s i o n  p r o p e r t i e s  of t h e  a q u i f e r ,  degree and d i s t r i b u t i o n  
of an i so t rophy  and h e t e r o g e n e i t y ,  s o r p t i o n  and hea t  t r a n s f e r  p r o p e r t i e s ,  
and chemical e q u i l i b r i a .  This  work has  been summarized i n  a r ecen t  
reportE761. B r i e f l y ,  t h e  e f f e c t s  of waste now can be de t ec t ed  over 
a 15-mi2 area down g r a d i e n t  from t h e  d i scha rge  w e l l  and f o r  l o n g i t u d i n a l  
d i s t a n c e  of about 5 m i ,  which i s  s t i l l  w e l l  w i t h i n  t h e  boundary of 
INEL. 

This  included d i r e c t i o n  and v e l o c i t y  of groundwater 

Only fou r  n u c l i d e s ,  plutonium, iodine-129, s t ron t ium-90  and t r i t i u m ,  
are d e t e c t a b l e  i n  t h e  Snake River P l a i n  a q u i f e r  over  a s i g n i f i c a n t  area 
of d i s t r i b u t i o n .  
have only r e c e n t l y  been d e t e c t e d  i n  t h e  v i c i n i t y  of t h e  ICPP d i s  o s a l  
w e l l  (740 f t  down g r a d i e n t ) .  
plutonium-238 and 0.24 x 10-l1 pCi/ml of lutonium-239, -240 have been 
i d e n t i f i e d  i n  t h e  a q u i f e r  a t  t h i s  p o i n t  [P04b1. 
are about  two m i l l i o n  t i m e s  lower than  f e d e r a l  and S t a t e  of Idaho con- 
c e n t r a t i o n  guides f o r  d r i n k i n g  w a t e r  used cont inuously by the pub l i c .  

Plutonium-238, plutonium-239, and p l u t o n i ~ 2 4 0 ,  

Mean concen t r a t ions  of 0.65 x 10-1y p C i / m l  

These concen t r a t ion  va lues  

Iodine-129 has  a l s o  r e c e n t l y  (1974) been d e t e c t e d  i n  t h e  aqu i f e r .  
The h i g h e s t  concen t r a t ions  of iodine-129 found were i n  samples taken 
from a w e l l  about 703 f t  down g r a d i e n t  from t h e  ICPP d i s p o s a l  w e l l ,  and 
were less than one-tenth t h e  concen t r a t ions  pe rmi t t ed  by s t a t e  and 
f e d e r a l  r e g u l a t i o n s  f o r  water used cont inuously by t h e  public.  
f a r t h e s t  d i s t a n c e  from ICPP t h a t  iodine-129 h a s  been found i n  d e t e c t a b l e  
concen t r a t ions  i s  6,300 f t .  A sampling and a n a l y s i s  program i s  cont inuing 
t o  d e f i n e  t h e  iodine-129 d i s t r i b u t i o n  i n  t h e  a q u i f e r .  

The 

Strontiurn-90 w a s  d e t e c t e d  i n  t h e  a q u i f e r  i n  1964 n e a r  t h e  ICPP 
d i s p o s a l  w e l l .  F igu re  11-32 i l l u s t r a t e s  t he  d i s t r i b u t i o n  as of 1970. 
I n  1964, t h e  h i g h e s t  concen t r a t ion  w a s  measured a t  0.06 pCi/ml. 
maximum concen t r a t ion  r o s e  t o  about 0.2 p C i / m l .  (The recommended con- 
c e n t r a t i o n  guide f o r  strontium-90 i n  d r i n k i n g  water i s  0.3 pCi/ml f o r  an 
uncontrol led areaE71). 
d i scha rge  during 1962 and 1963 o f  32 C i  of  s t ront ium-90 t o  a p i t  nea r  t h e  
f u e l  s t o r a g e  f a c i l i t y  a t  t h e  sou the rn  end of t he  ICPP area could have 
con t r ibu ted  t o  t h i s  rise i n  stronium-90 beginning i n  1964. The volume 
of water, which a l s o  contained 32 C i  of cesium-137, w a s  more than could 
b e  absorged and i t  seeped i n t o  t h e  underlying b a s a l t .  It i s  es t ima ted  
t h a t  only 6 C i  of the s t r o n t i u m  would have been r e t a i n e d  by t h e  s o i l  
and r e g o l i t h  which s i n c e  have been removed t o  make way f o r  a new 
b u i l d i n g [ l o 4 j .  

The 

The p o s s i b i l i t y  has  been considered t h a t  a 

Since t r i t i u m  i s  t h e  most abundant component i n  INEL r a d i o a c t i v e  
l i q u i d  waste e f f l u e n t s ,  i ts presence i n  t h e  a q u i f e r  has  been used 
as an i n d i c a t o r  of t h e  e f f e c t s  of d i scha rge .  By 1961 t r i t i u m  had 
reached CFA about 3 m i  from t h e  d i s p o s a l  w e l l .  The h i g h e s t  concen t r a t ion  
w i t h i n  the  d i s t r i b u t i o n  plume w a s  700 pCi/ml. By 1968, t h e  plume 
from l i q u i d  w a s t e  d i scha rges  a t  TRA coalesced w i t h  t h e  ICPP plume. 
F igu re  111-33 shows t h e  Concentrat ions as of 1970[761. 
ba l ance  ( inpu t  v e r s u s  a q u i f e r  i nven to ry )  has  accounted f o r  t h e  amount 
of t r i t i u m  discharged which i n d i c a t e s  t h a t  no s i g n i f i c a n t  q u a n t i t y  

A m a t e r i a l s  
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Figure 111-32. 
Strontium-90 in t h e  Regional Aquifer  as of .1970.  

Sketch of t h e  ICPP-TRA V i c i n i t y  Showing D i s t r i b u t i o n  of  

of waste has migrated below the  a q u i f e r  t h i ckness  sampled nor escaped 
beyond t h e  def ined p e r i m e t e r  of t h e  plume. 

The d i s t r i b u t i o n  of t r i t i u m  i n  t h e  a q u i f e r  i s  e s p e c i a l l y  s i g n i f i c a n t  
because i t  i s  no t  diminished by s o r p t i o n  on--ear€h mine ra l s .  Also r educ t ion  
of a c t i v i t y  by decay is  r e l a t i v e l y  slow because of t r i t i u m ' s  12-yr 
h a l f - l i f e .  I ts  presence i s  t h e r e f o r e  i n d i c a t i v e  of t h e  maximum 
d i s t r i b u t i o n  t h a t  might be expected f o r  any nuc l ide .  The t r i t i u m  
r a d i o a c t i v i t y  concen t r a t ion  guide f o r  an uncontrol led area i s  3,000 
p C i / m l  as  compared wi th  the maximum observed concen t r a t ions  of 1,000 
pCi/ml and 25 t o  100 pCi/ml concen t r a t ion  found a t  CFA. 
from t h e  CFA w e l l  i s  used for domestic purposes.  
dose from d r ink ing  t h i s  water i s  d i scussed  la ter  i n  t h i s  s e c t i o n  
under "Impact on Man. " 

The water 
The r a d i a t i o n  

D i g i t a l  modeling techniques have been app l i ed  t o  the  Snake River 
P l a i n  a q u i f e r  system f o r  t h e  purpose of p r e d i c t i n g  f u t u r e  changes[1051. 
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Figure 111-33. 
Tri t ium i n  t h e  Regional Aquifer  as o f  1970. 

Sketch of t h e  ICPP-TRA V i c i n i t y  Shming  D i s t r i b u t i o n  of 

One such model involves  t h e  e f f e c t s  of convect ive t r a n s p o r t ,  f low 
divergence,  two-dimensional hydrau l i c  d i s p e r s i o n ,  r a d i o a c t i v e  decay, 
and so rp t ion .  Using t h i s  model, several f u t u r e  p r o j e c t i o n s  up t o  
t h e  year  2000 have been made f o r  t h e  movement of c h l o r i d e ,  t r i t i u m ,  
and strontium-90 under va r ious  cond i t ions .  S ince  c h l o r i d e  is  n e i t h e r  
a t t e n u a t e d  by r a d i o a c t i v e  decay nor  s u b j e c t  t o  s o r p t i o n ,  i t  is used 
t o  i l l u s t r a t e  t h e  e f f e c t  of d i s p e r s i o n  and maximum d i s t r i b u t i o n . .  
I f  i t  is  assumed f o r  t h e  model t h a t  waste d ischarges  were d iscont inued  
i n  1973, t h e  s imulated d i s t r i b u t i o n  i n  1979 then would be as shown 
i n  F igure  111-34. 
more d i l u t e  as i t  moves and d i s p e r s e s  down g rad ien t .  
of t h e  t r i t i u m  plume i n  t h e  year  2000, assuming d i s p o s a l  cont inues  
a t  t h e  c u r r e n t  ra te ,  is shown i n  F igure  111-35. 
III-3$ i s  the  t r i t i u m  plume i n  t h e  year  2000, assuming d i s p o s a l  
ceased i n  1973. 

The c h l o r i d e  plume g radua l ly  grows b igger  and 
The p r o j e c t i o n  

Shown i n  F igure  
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Figure 111-34. 
f o r  1979 Assuming Disposa l  Ceased in 1973. 

P r o j e c t e d  Chloride Plume in t h e  Snake River  P l a i n  Aquifer  
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Figure 111-35. 
Year 2000 Assuming Disposal Continues at the Current Rate. 

Projected Concentrations of  Tritium in the Aquifer in  the 
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Figure 111-36. 
Plain Aquifer i n  the Year 2000 Assuming Disposal Ceased i n  1973.  

Projected Concentrations of Tritium i n  the Snake River 
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The f a c i l i t i e s  i n  t h e  NRF area are c u r r e n t l y  us ing  about 10% 
of t h e  t o t a l  water pumped from t h e  a q u i f e r  a t  INEL. This  water i s  
used p r imar i ly  f o r  cool ing ,  w i th  minor amounts d i scharged  t o  a sewage 
lagoon. Low-level r a d i o a c t i v e l y  contaminated l i q u i d  wastes were 
discharged t o  the  ground; however, r e c e n t  in -p lan t  improvements 
have reduced both volumes and a c t i v i t y  t o  minor amounts (5 x 106 
l i ters  conta in ing  less than 1 C i  I n  1963 t h e  subsur face  d i s t r i b u t i o n  

t o  t h e  top  of t h e  b a s a l t  where i t  spreads  h o r i z o n t a l l y .  It then 
p e r c o l a t e s  through t h e  b a s a l t  sequences t o  t h e  r e g i o n a l  water t a b l e  
a t  a depth of 360 f t .  Some of t h e  product ion w e l l s  have shown t r a c e  
evidence of t h e  h o r i z o n t a l  movement of t h e  seepage. The areal d i s t r i b u t i o n  
has  no t  been i n v e s t i g a t e d  dur ing  t h e  i n t e r v a l  1963 t o  1973. Two 
monitor ing w e l l s  down g rad ien t  were d r i l l e d  during 1973. Analysis  
of a l i m i t e d  number of water samples from these  w e l l s  has  no t  i nd ica t ed  
any r a d i o a c t i v e  i n s u l t  t o  t h e  a q u i f e r .  

of t h e  l i q u i d  waste w a s  examined t i 6 1  . The water, as expected,  seeps  

CFA accounts  f o r  about 5% of t h e  water usage, on ly  1% of the  
volume of waste discharged,  and only a f r a c t i o n  of 1% of the  a c t i v i t y .  
Other f a c i l i t i e s  use a combined t o t a l  of approximately 10% of t h e  
water pumped a t  INEL. Inasmuch as t h e  impact would be  inconsequent ia l  
i n  comparison wi th  t h a t  of TRA and ICPP, CFA and t h e  o t h e r  f a c i l i t i e s  
have not  been i n v e s t i g a t e d  i n  d e t a i l .  

e. Impact on Bio ta  

The e f f e c t  of l i q u i d  waste d ischarge  v i a  w e l l s  i s  
inconsequent ia l  i n s o f a r  as t h e  b i o t a  are concerned. Very l i t t l e  
land area is  involved,  and t h e r e  i s  l i t t l e  d e s t r u c t i o n  of p l a n t  cover;  
t h a t  which occurs  during cons t ruc t ion  can be r e s t o r e d  e a s i l y .  

Discharge of t h e  l i q u i d  wastes v i a  seepage ponds involves  d e s t r u c t i o n  
of t h e  n a t u r a l  d e s e r t  shrub and g r a s s  cover during cons t ruc t ion .  
Following pond cons t ruc t ion ,  INEL management p l ans  ensure  adequate  
c o n t r o l  of p l a n t  growth around the  per imeter  of t h e  pond. Contro.1 of 
t h e  p l a n t  growth would have some e f f e c t  on the animal l i f e .  A s  t h e  
area of 50 a c r e s  involved is  i n s i g n i f i c a n t  i n  comparison wi th  the  
572,000 acres of INEL,  t h i s  e f f e c t  is considered t o  be very s m a l l .  

Ponds se rve  as an occas iona l  r e s t i n g  p l a c e  f o r  migra t ing  waterfowl 
and as an occas iona l  source  of water f o r  animal l i f e .  The maximum 
number of ducks t h a t  has  eve r  been observed a t  t h e  TRA pond is  25. 
Usual ly  only 1 t o  10 ducks are observed a t  any given t i m e  during 
t h e  summer months. A s  t h e  p l a n t  cover requi red  f o r  n e s t i n g  around 
t h e  ponds i s  l i m i t e d ,  t h e  area i s  no t  conducive t o  l i n g e r i n g  waterfowl 
f o r  prolonged per iods .  

Algae, composed p r i m a r i l y  of s ing le -ce l l ed  f l o a t i n g  o r  suspended 
members of t h e  Desimidacae, have been observed t o  concen t r a t e  radio-  
a c t i v i t y  from very low l e v e l s  i n  t h e  pond water t o  r a t h e r  high l e v e l s  
i n  t h e  a l g a l  aggrega t ion [ l06 ] .  
r a t i o  on t h e  a l g a e  w a s  51  t i m e s ,  and t h e  cesium-calcium r a t i o  23 

For example, t h e  strontium-calcium 
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t i m e s ,  g r e a t e r  than t h e  r a t i o  i n  s o l u t i o n .  One gram of w e t  a l g a e  
from t h e  pond produced r a d i a t i o n  r ead ings  of 100 mR/hr a t  1 cm (0.45 i n . ) .  
It i s  n o t  d i f f i c u l t  t o  imagine a mig ra t ing  duck e a t i n g  s e v e r a l  grams 
of t h i s  a l g a e .  While t h i s  might no t  be hazardous f o r  a s i n g l e  o r  
occas iona l  f eed ing ,  prolonged i n g e s t i o n  by a r e s i d e n t  b i r d  conceivably 
could c o n s t i t u t e  a hazard t o  t h e  duck and p o s s i b l y  man. Ducks have 
been sampled i n t e r m i t t e n t l y  over a pe r iod  of s e v e r a l  yea r s .  
c o n t a i n s  d a t a  on t h e  concen t r a t ions  of r ad ionuc l ides  observed 
i n  e d i b l e  t i s s u e  of nine ducks k i l l e d  i n  t h e  TRA pond area. Only 
cesium.-137 w a s  observed i n  f i v e  ducks c o l l e c t e d  from c o n t r o l  areas 
about 30 m i  away; t h e  average cesium-137 concen t r a t ion  i n  t i s s u e  
from t h e s e  b i r d s  w a s  0.005 pCi/g. 

Table 111-19 

TABLE 111-19 

RADIONUCLIDES I N  EDIBLE DUCK TISSUE 
TRA SETTLING POND 

Nuclide 

Cerium-141 

Cer ium- 14  4 
Cesium-134 

Cesium-137 

Chromium-51 

Cobalt-57 

Cobalt-58 

Cobalt-60 

Iodine-131 

Lanthanum- 14  0 

Manganese-54 

Selenium-7 5 

Silver-llOm 

Strontium-90 

Zinc-65 

Number of Ducks 
Containing De tec t ab le  
Q u a n t i t i e s  of Nuclide 

i n  Ed ib le  T i s sue  

3 
4 

6 

9 

2 

2 

3 

9 

4 

4 
2 

6 

1 

2 

8 

Concentrat ion ( p W g  o f  t i s s u e )  

Maximum Average of 
Observed P o s i t i v e  Resu l t s  

2.5 1 .4  

390 110 

38 18 

890 220 

29 1 7  

1 .6  1.2 

2.6 1.1 

540 84 

18 9.3 

1 .3  0.73 

0.23 0.18 

43 13 
2 m  - 
1 .9  1.1 

1100 240 
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The maximum dose t o  man can be es t imated  by assuming t h a t  an 
i n d i v i d u a l  k i l l s  a contaminated duck and eats 1 l b  of t i s s u e  conta in ing  
t h e  h ighes t  concen t r a t ions  shown i n  Table 111-19. The whole body 
dose commitment would be  approximately 25 m r e m ;  t h e  thy ro id  dose 
commitment would be about 20 m r e m .  This  can be compared wi th  t h e  
annual  dose of 20 m r e m  from t h e  n a t u r a l l y  occur r ing  potassium-40 
wi th in  t h e  body of man. 

A study w a s  conducted near  t h e  TRA pond and a t  a smaller pond 
a t  GCRE t o  determine t h e  contaminat ion of mourning doves which 
were thought t o  be u t i l i z i n g  low level  w a s t e  water. Severa l  doves 
were c o l l e c t e d  dur ing  each summer month and compared wi th  o t h e r s  
c o l l e c t e d  i n  the  f o o t h i l l  area 30 m i  away. Each specimen w a s  analyzed 
f o r  g ross  gamma emi t t i ng  n u c l i d e s ,  skinned,  and env i se ra t ed ,  and 
d i f f e r e n t  body p o r t i o n s  were analyzed f o r  contamination. Low l e v e l s  
of cerium-144, ruthenium 106, and zirconium-95 were de tec t ed  i n  
t h e  s k i n  and f e a t h e r s  of doves f r equen t ing  t h e  TRA pond, bu t  r a d i o a c t i v i t y  
i n  body t i s s u e  from o f f s i t e  doves w a s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  
from doves taken a t  t h e  TRA pond[lo7] .  

f . Impact on Man 

Radioac t ive  w a s t e  p roducts  depos i ted  on t h e  s u r f a c e  
of t h e  e a r t h  o r  i n  w a t e r  can be  hazardous t o  humans as a r e s u l t  of 
e x t e r n a l  r a d i a t i o n  o r  by i n h a l a t i o n  o r  i nges t ion .  Discharge of 
low-level wastes t o  t h e  groundwater via a w e l l  r e s u l t s  i n  no r a d i a t i o n  
exposure t o  o f f s i t e  personnel ,  and d i l u t i o n  is  accomplished by d i spe r s ion .  
The groundwater system has  no b i o l o g i c a l ,  phys i ca l ,  o r  chemical 
r e a c t i o n s  which would cause a reaccumulat ion.  Water i s  pumped from 
the  a q u i f e r  a t  o f f s i t e  l o c a t i o n s  and used f o r  i r r i g a t i o n .  However, 
r ad ionuc l ides  i n  t h e  l i q u i d  phase have no t  moved and are no t  pos tu l a t ed  
t o  move beyond t h e  INEL boundary i n  d e t e c t a b l e  concen t r a t ions ;  no 
impact t h e r e f o r e  e x i s t s  i n  t h i s  regard .  

A s  previous ly  descr ibed ,  low concent ra t ions  o f  tritium, s t ront ium,  
plutonium and iodine-129 have been de tec t ed  i n  the  groundwater i n  t h e  
immediate area and down g rad ien t  of  t he  p o i n t  where these  i so topes  are 
discharged d i r e c t l y  t o  t h e  aqu i f e r .  
i n t o  the  a q u i f e r ,  t h e  concent ra t ions  o f  tritium, s t r o n t i u w 9 0 ,  p l u t o n i u 1 ~ 2 3 8 ,  
p lu ton iuw239 ,  and plutonium-240 were l o % ,  45%, 0.02%, 0.05%, and 0.008%, 
r e s p e c t i v e l y ,  of t h e  maximum al lowable va lue  f o r  release t o  uncont ro l led  
areas under f e d e r a l  and s ta te  s tandards .  Iodine-129 has  n o t  been de tec t ed  
a t  t h e  p o i n t  of release because of t h e  s e n s i t i v i t y  of t h e  in s t rumen ta t ion  
used. However, t r a c e  q u a n t i t i e s  have been i d e n t i f i e d  i n  t h e  a q u i f e r  near 
the  d i s p o s a l  w e l l .  USGS con t inua l ly  monitors t h e  a q u i f e r  t o  determine 
the  f a t e  of r e l eased  rad ionucl ides .  T r i t i um from INEL has  n o t  been 
de tec t ed  f a r t h e r  than about  5 m i  from t h e  release p o i n t ,  which i s  3.5 m i  
i n s i d e  t h e  n e a r e s t  s i t e  boundary. The s t ron t ium h a s  n o t  been de tec t ed  
a t  d i s t a n c e s  g r e a t e r  than about  5 mi from the p o i n t  of release, o r  
about 7 m i  i n s i d e  t h e  n e a r e s t  s i t e  boundary. Plutonium has  been de tec t ed  
up t o  740 f t  from the d i s p o s a l  w e l l  and Iodine-129 has been de tec t ed  
up t o  6,300 f t  from t h e  w e l l .  Low l e v e l s  of  tritium have been de tec t ed  

During 1974, a t  t h e  p o i n t  of d i scharge  
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i n  the d r i n k i n g  water from w e l l s  a t  both ICPP and CFA. 
which i s  5-1/2 m i  i n s i d e  t h e  nearest s i t e  boundary, is down g r a d i e n t  
from t h e  p o i n t  of release, and c o n s i s t e n t l y  h a s  t h e  h i g h e s t  concen t r a t ion  
of tritium. The concen t r a t ion  a t  t h i s  w e l l  o r  any monitoring w e l l  i s  
i n s i g n i f i c a n t  i n s o f a r  as c o n t r i b u t i n g  t o  a pe rmis s ib l e  body burden (PBB). 
For example, t h e  average concen t r a t ion  of tritium observed a t  t h e  CFA 
product ion w e l l  du r ing  1974 w a s  70 pCi/ml. 
(assuming t h a t  t h i s  water r ep resen ted  one-half of h i s  normal d a i l y  
water i n t a k e )  would accumulate an annual dose commitment of 4.0 mrem. 
This can be compared wi th  t h e  170 m r e m  s p e c i f i e d  as an annual  s t anda rd  
f o r  i n d i v i d u a l s  and populat ion groups i n  uncontrol led areas. 

The w e l l  a t  CFA, 

A person d r i n k i n g  t h i s  water 

g. Conclusion 

Rad ioac t iv i ty  i n  d i scha rge  wastes a t  INEL does n o t  r e s u l t  i n  
r a d i a t i o n  concen t r a t ions  i n  excess  of t h e  guides f o r  d r ink ing  water. 
Liquid waste discharged through a w e l l  r e s u l t s  i n  a d d i t i o n a l  d i l u t i o n .  
As long as t h e  water remains below ground, t h e  concen t r a t ion  cont inues 
t o  diminish by t h e  process  of r a d i o l o g i c a l  decay, cont inuing d i s p e r s i o n ,  
and some s o r p t i o n  on e a r t h  minerals .  

Discharge v i a  a seepage pond i n c r e a s e s  t h e  a t t e n u a t i o n  of concentra- 
t i o n  by means of a d d i t i o n a l  mine ra l  s o r p t i o n ,  i nc reased  allowance f o r  
decay, and a wider area of d i s p e r s i o n .  While t h i s  enhances t h e  
q u a l i t y  of p e r c o l a t i n g  water, t h e  accumulation of r ad ionuc l ides  i n  
the  e a r t h  column below t h e  pond r e s u l t s  i n  a nuisance impact on 
t h e  environment which u l t i m a t e l y  w i l l  r e q u i r e  t h e  dedic.ation of 
a small land area t o  p e r p e t u a l  care. 

4 .  Nonradioactive Liquids  Discharged t o  t h e  
Li thosphere [ a ]  

a.  Sources of Discharges 

These l i q u i d s  acc rue  from sewage, water s o f t e n i n g  and 
demine ra l i za t ion ,  coo l ing ,  and purge of b o i l e r  water. 

Sewage e f f l u e n t s ,  a f t e r  pas s ing  through t reatment  p l a n t s  o r  s e p t i c  
t anks ,  con ta in  o rgan ic  r e s i d u e s  and c h l o r i n e .  The t r e a t e d  sewage wastes 
are discharged t o  ponds and subsu r face  i r r i g a t i o n  f i e l d s .  This  
technique c r e a t e s  no adverse e f f e c t s  and t h e r e f o r e  is  n o t  d i scussed  
in d e t a i l .  The volumes r e p r e s e n t  about no more than 2% of t h e  consumptive 
watzr use and t c t t a l  between 25 t o  50 m i l l i o n  g a l l o n s / y r  from a l l  
e s t ab l i shmen t s .  

Water t reatment  wastes are discharged t o  s u r f a c e  treatme3t 
ponds a t  a l l  p l a n t s  except  a t  ICPP, where . they  are discharged t o  
a w e l l  t o g e t h e r  w i t h  low-level r a d i o a c t i v e  wastes. A l l  t h e s e  w a s t e s  
con ta in  n a t u r a l l y  occur r ing  d i s so lved  s o l i d s  p l u s  c o r r o s i o n - i n h i b i t i n g  
chemicals.  

[ a ]  See  Appendix E (Table E-5 and Sect ion 2) f o r  1975-76 nonrad ioac t ive  
l i q u i d  wastes releases, and i t s  environmental  impact. 
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Cooling water is discharged in major quantities at TRAY NRF, 
and ANL. At TRA, discharge is made routinely to a well. The water 
is monitored for radioactive contaminants; if any are detected, 
the stream is diverted to the radioactive waste disposal pond. About 
200 million gallons/yr have gone to the well during the past 8 yr. 
The NRF facilities discharge about 300 million gallons/yr to the 
land surface. This waste consists of water treatment process waste, 
boiler blowdown, and liquid wastes from miscellaneous cooling processes. 
The ANL plants discharge about 50 million gallons/yr to surface 
ponds. 

The waste cooling water from reactor systems contain chromium 
which is added to inhibit corrosion. The drinking water tolerance 
for chromium in the chromate condition (Cr+6) of 0.05 ppm (or 0.05 mg/l) 
has been imposed. This has resulted in either the substitution of 
phosphate chemicals for chromium or the chemical reduction procedures 
to change the chromate to the chromite condition (Cr+3). 

The mean concentrations of dissolved solids in the liquid wastes 
at the points of discharge have been approximately equal to that 
permissible for drinking water, or about 500 ppm. The effects have 
been studied in detail at only two of the discharge points: TRA 
and ICPP. 

Between 19,000 and 25,000 gallons/yr of waste oils, greases, 
and solvents are retained and used as a dust palliative on unsurfaced 
roads at INEL. Some is sold for the same purpose offsite. The impact 
from this type of waste is therefore inconsequential other than 
that it might be better reclaimed for lubricating or as fuel[l08]. 

b. Land Commitment and Impact 

The use of land for waste discharge via a well is insignifi- 
cant or inconsequential. Disposal ponds, however, require- the 
commitment of some land area. The TRA waste pond occupies about 
1 acre. The NRF drainage ditch occupies about 3 acres. The ANL 
pond is 1 acre or less. 
two ponds which occupy about 1 / 2  acre. 
no more than 1/2 acre. 
acre. The sewage lagoon at NRF covers 14 acres. The sewage treatment 
plant effl.uents at TAN are discharged to a seepage area enclosed 
by a dike which encompasses about 34 acres. In summary, the total 
area devoted to discharge of nonradioactive liquid wastes is about 
55 acres. This acreage is not permanently-dedicated, and consequently 
could be reclaimed. 
disposal ponds occupy could be compromised to some extent by the 
residual compounds. 

Sewage waste from TU’ is discharged to 

The CFA seepage pond occupies about 3 / 4  
The seepage areas at ICPP cover 

The agricultural use of the land which the 

c. Wator Resource Commitment and Impact 

The volume of water processed as sewage waste at INEL is 
less than 2% of the water pumped for a l l  uses. The sewage waste 
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is no t  monitored a f t e r  i t  i s  discharged,  a l though some of t h e  w a t e r  
a s s o c i a t e d  wi th  o t h e r  measurements is, i n  a l l  p r o b a b i l i t y ,  con t r ibu ted  
t o  by t h e s e  d i scha rges .  However, chemical wastes from TRA have been 
s t u d i e d  w i t h  r e s p e c t  t o  t h e  e f f e c t  on water q u a l i t y [ 7 6 ] .  

Between 45 and 50 m i l l i o n  g a l l o n s / y r  of chemical ly  contaminated 
wastes are discharged t o  a pond a t  TRA. 
from four  c a t i o n i c  exchangers us ing  s u l f u r i c  a c i d ,  two a n i o n i c  exchangers 
using sodium hydroxide,  and fou r  s o f t e n e r s  using sodium c h l o r i d e .  
About 600 tons  of s u l f u r i c  a c i d ,  300 t o n s  of sodium hydroxide,  and 
50 tons  of sodium c h l o r i d e  are consumed annual ly .  

This  volume o r i g i n a t e s  

A w e l l  has  been used f o r  d i s p o s a l  of nonrad ioac t ive  l i q u i d  
wastes a t  T U  s i n c e  1964. Waste water from t h e  coo l ing  tower composes 
a major p a r t  of t h i s  stream. These wastes u s u a l l y  c o n t a i n  an average 
concen t r a t ion  of about 500 mg/l of d i s so lved  s o l i d s ,  such as calcium 
and magnesium salts ,  which normally are found i n  n a t u r a l  waters. 
The e f f e c t s  of t h i s  d i scha rge  on t h e  r e g i o n a l  water t a b l e  are descr ibed 
i n  connection wi th  those from ICPP. 

Chromium compounds have been p rev ious ly  used as a co r ros ion  
i n h i b i t o r  i n  TRA r e a c t o r  coo lan t  p ip ing  systems. During t h e  e a r l y  
1970s, t h e  concen t r a t ion  o f  chromium used i n  t h e  r e a c t o r  coolant  
systems w a s  reduced; and i n  1972 t h e  use of chromium w a s  discont inued 
e n t i r e l y .  
i n s t e a d  of t h e  chromium. The concen t r a t ion  of phosphate being r e l e a s e d  
t o  t h e  a q u i f e r  i s  only 10% of t h e  water q u a l i t y  c r i te r ia  of t h e  
S t a t e  of C a l i f o r n i a  (no s p e c i f i c  c r i t e r i a  f o r  phosphate e x i s t s  i n  
Idaho).  The concen t r a t ions  of chromium i n  t h e  a q u i f e r  from previous 
d i scha rges  are shown i n  Figure III-37[761. P r i o r  t o  1964, nonrad ioac t ive  
l i q u i d  wastes w e r e  discharged t o  t h e  pond used f o r  low-level r a d i o a c t i v e  
waste streams. Since then d i scha rges  have been made t o  t h e  w e l l ,  w i th  
only occas iona l  d i scha rges  t o  t h e  pond. Discharge concen t r a t ions  
of Cr+6  i n  t h e s e  e f f l u e n t s  were no more than 2 mg/l. 
changes i n  t h e  d i s t r i b u t i o n  p a t t e r n  over t h e  5-yr pe r iod  are i n d i c a t e d .  
The d r ink ing  water c r i t e r i o n  f o r  Cr+6 i s  0.05 mg/l ,  which i s  exceeded 
over a cons ide rab le  area of t h e  a q u i f e r  (perhaps 1 m i 2  o r  more). 
There are no supply w e l l s  w i th in  t h i s  a r ea , and  t h e  d i scha rge  has 
been d i scon t inued ;  t hus  contamination i s  expected t o  be d i spe r sed  
o r  d i l u t e d  t o  a l e v e l  below t h e  p e r m i s s i b l e  maximum. 

A phosphate-based c o r r o s i o n  i n h i b i t o r  now is  be ing  used 

Only minor 

Chemical wastes a t  ICPP are included wi th  t h e  r a d i o a c t i v e l y  
contaminated e f f l u e n t s  and i s  discharged d i r e c t l y  t o  t h e  a q u i f e r  
v i a  t he  d i s p o s a l  w e l l .  
compositions of t h e  wastes have not  been cont inuously monitored; 
however, r eco rds  on q u a n t i t i e s  of chemicals usedoand of w a t e r  volume 
d i scha rge  can be used t o  c a l c u l a t e  a d i scha rge  concen t r a t ion  of 
520 mg/l of d i s so lved  s o l i d s .  

The n a t u r e  and q u a n t i t i e s  of t h e  chemical 

The e f f e c t s  can be seen by observing t h e  d i s t r i b u t i o n  of c h l o r i d e  
and sodium i n  t h e  a q u i f e r  system and t h e  s p e c i f i c  conductance of 
t he  water. The n a t u r a l l y  occur r ing  concen t r a t ion  of c h l o r i d e  a t  
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Figure 111-37. Sketch of t h e  ICPP-TRA V i c i n i t y  Showing D i s t r i b u t i o n  of 
Waste Chromium i n  Snake River P l a i n  Aquifer  1970. 

t h e  TRA-ICPP area i s  9 o r  10 mg/l. 
c h l o r i d e  concen t r a t ion  of more than  1 5  mg/l has been taken as evidence 
of waste d i scha rge  e f f e c t .  The f i r s t  complete a n a l y s i s  w a s  made 
i n  1958 and repeated i n  1960 and 1969[76I.  Between 1953, when l i q u i d  
d i scha rge  f i r s t  s t a r t e d ,  and 1958, t h e  contamination had moved from 
t h e  ICPP w e l l  t o  t h e  CFA w e l l  N o .  1, a s u r f a c e  d i s t a n c e  of 2.5 m i l e s .  
This  movement i n d i c a t e d  a mean v e l o c i t y  of 7 f t / d a y .  L i t t l e  change 
i n  v e l o c i t y  w a s  i n d i c a t e d  between 1958 and 1960. Enlargement of 
t he  contamination plume and t h e  e f f e c t  of t h e  TRA d i scha rge  became 
apparent  i n  1969,as shown i n  F igu re  111-38. D i l u t i o n  of c h l o r i d e  
by d i s p e r s i o n  is  apparent  by t h e  f a c t  t h a t  t h e  o r i g i n a l  concen t r a t ion  
of 200 mg/l a t  o r  nea r  t h e  ICPP d i scha rge  w e l l  i s  reduced t o  50 
t o  70 mg/l over a s i g n i f i c a n t  area. The pe rmis s ib l e  concen t r a t ion  
of c h l o r i d e  i s  250 mg/1[109]. 

Any water sample a n a l y s i s  w i th  
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Figure 111-38. 
Waste Chloride in Aquifer Water, 1969. 

Sketch of the ICPP-TRA Vicinity Showing Distribution of 

The natural concentration of sodium is 7 to 9 mg/l. On this 
basis a lower limit of 10 mg/l is considered as indicative of waste 
contamination. The distribution pattern is similar to that for 
chloride; however, the concentrations are lower in relation to the 
normal two--to-three ratio for sodium to chloride in common salt 
(sodium chloride). 

A plausible explanation is that cationic sodium is retarded 
by ion-exchange reactions with natural earth minerals. 
is also the reason that sodium from the TRA pond is less evident 
in the groundwater as shown in Figure 111-39 which shows the distributions 
as of 1968 [761.  

This reaction 

III- 82 



Figure 111-39. 
of Sodium Resulting From Salt Disposal in Aquifer, 1968. 

Sketch of the ICPP-TRA Area Showing Inferred Distribution 

Specific conductance of water results from the combined effect 
of dissolved solids of all types. The ratio of dissolved solids 
(mg/l) to specific conductance (mhos/cm) in natural groundwater 
ranges from about 0.59 to 0.63. Wastes from ICPP and TRA depress 
the ratio to about 0.57 which, when applied to the 700- t o  1,000- 
mg/l concentrations near the ICPP well, gives a dissolved solids 
content in the effluent of 400- to 500-mg/l concentration. This 
concentration is congruent with the previous discharge concentration 
estimates. 
The effect of the TRA discharge to ponds is apparent. 
500 mhos indicate a dissolved solids concentration of about 250 
ppm in comparison with the permissible criterion of 500 ppmm]. 

Figure 111-40 shows conductance isopleths for 1970. 
The 400 to 
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Figure 111-40 
Resulting from Waste Disposal at ICfP and TRA, 1970. 

Specific Conductance Anomalies in Groundwater 

d. Impact on Biota ---- 

When nonradioactive waste water is discharged into wells, 
the stream does not contact the biosphere until or unless the groundwater 
is used for irrigation. 
biosphere; e.g., they may serve as a water point for small animals. 
However, the water is not toxic and even the tast: may not be affected. 

It can be postulated that water might be pumped f o r  irrigation 
from the aquifer which has become contaminated. 
to the permissible concentrations of salts in irrigation water are 
difficult t o  establish and to apply because of many variable soil 
and plant relationships. Generally, water containing up t o  1,000 
mg/l of dissolved solids is suitable f o r  irrigating all types o f  

Disposal ponds do have contact with the 
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p l a n t s ,  and 3,000 mg/l is  nea r  the maximum f o r  more t o l e r a n t  crops. 
t h i s  b a s i s ,  the chemically contaminated water would b e  s u i t a b l e  f o r  
i r r i g a t i o n  at t h e  p o i n t  of d i scha rge  and p r e s e n t s  no p o t e n t i a l  d e t r i -  
mental  impact as f a r  as i r r i g a t i o n  p o t e n t i a l  is concerned. 

On 

e. Impac t  on Man 

There are no supply w e l l s  p e n e t r a t i n g  the a q u i f e r  w i t h i n  t h e  

In  t h e s e  cases, 
area encompassed by the areal d i s t r i b u t i o n  of t h e  chemical contaminants 
w i th  t h e  except ion of the ICPP-CFA-EOCR/OMRE w e l l s .  
t h e  s p e c i f i c  conductance i n d i c a t e s  a maximum t o t a l  d i s so lved  s o l i d  con- 
c e n t r a t i o n  of about 300 mg/l as compared wi th  a pe rmis s ib l e  d r ink ing  
water concen t r a t ion  of 500 mg/l. Also, samples from d r ink ing  water 
supply w e l l s  a t  a l l  INEL faci l i t ies  are taken monthly and a water cul-  
t u r e  monitored f o r  e. c o l i  b a c t e r i a .  There never  has  been any i n s t a n c e  
of hazardous b i o l o g i c a l  content  of INEL d r ink ing  water s u p p l i e s .  

f. Conclusion 

The e f f e c t  of nonrad ioac t ive  b u t  chemically contaminated l i q u i d s  
can be d e t e c t e d  i n  t h e  groundwater i n  an area of about 25 squa re  m i l e s .  
The concen t r a t ions  of d i s so lved  s o l i d s  are below 'Federal and s t a t e  
p e r m i s s i b l e  c r i t e r i a  s t a n d a r d s  for drinking water w i t h  t h e  except ion 
of chromium; t h i s  s i t u a t i o n ,  however, does n o t  t h r e a t e n  any e x i s t i n g  
o r  planned w e l l .  No contamination has been d e t e c t e d  beyond t h e  INEL 
boundary. 
would n o t  impair  t h e  u s e  of groundwater for any p o s t u l a t e d  o r  h y p o t h e t i c a l  
use f o r  i r r i g a t i o n .  

The presence of chemicals r e s u l t i n g  from waste d i s p o s a l  

I: a1 5. Radioact ive S o l i d  waste Disposal  and S to rage  

a. F a c i l i t i e s  Used for  Disposal  o r  S to rage  

The s o l i d  r a d i o a c t i v e  waste fac i l i t i es  a t  INEL are t h e  Radio- 
active Waste Management Complex, SL-1 B u r i a l  Ground, ANL S o l i d  Waste 
S to rage  Area, and t h e  ICPP Calcined Waste S to rage  Area (a l l  are desc r ibed  
i n  Sec t ion  11). Since t h e s e  f a c i l i t i e s  have been i n  ope ra t ion ,  no impact 
t o  t h e  environment a t  any l o c a t i o n  o u t s i d e  t h e  INEL boundaries  has been 
de tec t ed .  This  experience i n d i c a t e s  that: c u r r e n t  management p r a c t i c e s  
ensu re  t h a t  r a d i a t i o n  exposures t o  t h e  p u b l i c  w i l l  con t inue  t o  b e  w e l l  
w i t h i n  e s t ab l5shed  g u i d e l i n e s ,  and that  t h e  wastes w i l l  remain i s o l a t e d  
from t h e  g e n e r a l  environment f o r  t h e  f o r e s e e a b l e  f u t u r e ,  

A t  t h e  RWMC and SL-1 B u r i a l  Ground, f i s s i o n  and a c t i v a t i o n  
product  wastes are b u r r i e d  d i r e c t l y  i n  t h e  s o i l  below ground level. 
Wastes con ta in ing  t r a n s u r a n i c  and U-233 a c t i v i t y  above 10 nanocur i e s l  
gram c u r r e n t l y  are s t o r e d  above t h e  land s u r f a c e  i n  f i r e - r e s i s t a n t  
and w a t e r t i g h t  con ta ine r s .  These c o n t a i n e r s  are placed on an 

avement and covered w i t h  plywood, p l a s t i c ,  and s o i l .  isp:i%8L S o l i d  Waste Storage Area and a t  the XCPP Calcined 

LaJsee Appendix E, Tables  E-3 and E-4, f o r  1975-76 s o l i d  w a s t e  d i s p o s a l /  
s t o r a g e  da ta .  
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Waste Storage Area, r a d i o a c t i v e  wastes are s t o r e d  i n  w a t e r t i g h t  steel 
c o n t a i n e r s  and conc re t e  v a u l t s  placed below ground level. Table 111-20 
l i s t s  the  t o t a l  amounts of wastes l o c a t e d  i n  each of t h e s e  areas as of 
t h e  end of December 1974. 

TABLE 111-20 

TOTAL AMOUNTS OF SOLID'RADIOACTIVE WASTES BY AREA 1952-1974 

Area Volume ( f t 3 )  Curies  

RWMC Subsurface Disposal  4,990,000 5,978,000 

Transuranic  S to rage  Area 864,000 93,525 

SL-1 B u r i a l  Ground 81,930 600 

ANL Radioact ive Scrap and Waste 2,215 9,399,000 

ICPP Calcined Waste Storage [ a ,b I  43,000 53,000,000 
F a c i l i t y  

T o t a l  5,980,000 68,470,000 

[a] Storage 

[ b ]  Represents 2.8 x 10 g a l  of l i q u i d  waste 
6 

The e s t ima ted  c u r i e  amounts apply a t  t h e  t i m e  of depos i t i on ,  
o r  i n  t h e  case  of ICPP a t  t h e  t i m e  of c a l c i n a t i o n .  Radioact ive decay 
has  reduced t h e  amount of a c t i v i t y .  

b. Land Commitment and Impac t  

The t o t a l  land commitment a s s o c i a t e d  wi th  t h e s e  s o l i d  r a d i o a c t i v e  
waste management f a c i l i t i e s  i s  about 0.03% of t h e  t o t a l  INEL area. 
The fol lowing i n d i v i d u a l  areas are enclosed w i t h i n  fences and are 
committed i n  d e f i n i t e l y  : 

(1) RWMC Subsurface Disposal  Area 88 acres 

( 2 )  TSA 58 acres 

(3) SL-1 B u r i a l  Ground 4 acres 

( 4 )  ANL Radioactive Scrap and Waste F a c i l i t y  5 acres 

3 acres (5) ICPP Calcined Waste Storage Area 7 

T o t a l  158 a c r e s  

The cons t ruc t ion  and ope ra t ion  of t h e s e  s t o r a g e  and b u r i a l  l o c a t i o n s  
have e n t a i l e d  excavat ion and replacement of s o i l .  The RWMC Subsurface 
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Disposal  Area i s  t h e  only area where excavat ion  i s  be ing  performed rou t ine ly .  
This  a c t i v i t y  has  cont inued throughout t h e  o p e r a t i o n a l  pe r iod  and 
does n o t  c o n t r i b u t e  t o  a tmospheric  dus t  problems. 
been removed from borrow p i t s  i n  ad jacent  areas. These areas have 
been graded t o  conform t o  e x i s t i n g  topography and reseeded wi th  c r e s t e d  
wheat g ra s s  t o  hold t h e  s o i l  u n t i l  n a t i v e  growth r e t u r n s ;  however, 
t h e  area has  been compromised t o  some extent because the remaining 
s o i l  is  shallow. 

E a r t h f i l l  has  

Fences exclude graz ing  animals such as an te lope  and domestic 
l i v e s t o c k  which occas iona l ly  approach t h e  area n e a r  RWMC. The r e s u l t  
of t h e s e  exc lus ions  might be  appra ised  on t h e  b a s i s  t h a t  t h e  o v e r a l l  
g raz ing  capac i ty  of t h e  Snake River  P l a i n  i s  15 t o  20 acres p e r  a n i m a l -  
unit-month (AUM). This  impl ies  t h a t  t h e  158 acres devoted t o  s o l i d  waste 
management otherwise would suppor t  about  s i x  cows f o r  one month o r  
one cow f o r  s i x  months. One cow r e q u i r e s  about as much graz ing  area 
as fou r  o r  f i v e  an te lope .  

c. Impact on A i r  and Water 

Wastes are bu r i ed  d i r e c t l y  i n  t h e  s o i l  a t  RWMC and SL-1 
B u r i a l  Ground. I f  water  p e r c o l a t e s  through t h e s e  wastes, t h e r e  i s  
a p o t e n t i a l  f o r  leaching  of r a d i o a c t i v i t y  and moving i t  toward t h e  
aqu i f e r .  Current  p r a c t i c e s  a t  RWMC are designed t o  minimize t h i s  . 
p o s s i b i l i t y .  Grading and dra inage  of s u r f a c e  water reduces pe rco la t ion  
from s u r f a c e  puddles.  P re sen t ly  a 2-f t  l a y e r  of s o i l  i s  l e f t  between 
the  wastes and underlying b a s a l t  rock. The s o r p t i v e  capac i ty  of t h i s  
s o i l  f o r  waste contaminants p l u s  t h a t  i n  t h e  rock i n t e r s t i c e s ,  provide 
reasonable  assurance t h a t  any leached contaminant w i l l  n o t  reach 
t h e  r e g i o n a l  a q u i f e r  585 f t  below, o r  t h e  n e a r e s t  s t o c k  water ing  
w e l l  10 m i  away, o r  domestic water supply 55 m i  away. 

On two occas ions ,  1962 and 1969, unusual ly  r a p i d  snow mel t ing  
and r a i n  caused l o c a l  f looding  a t  RWMC i n  which w a t e r  came i n  con tac t  
w i th  waste i n  p a r t i a l l y  f i l l e d  p i t s  and t renches .  Low concent ra t ions  
of contaminants i n  t h e  water r e s u l t e d ,  (e.g. ,  30-5 p C i / m l  b e t a  a c t i v i t y  
and 10-7 p C i / m l  a lpha  a c t i v i t y ) .  
w e r e  taken a t  va r ious  depths  and l o c a t i o n s  ad jacent  t o  t h e  r e p o s i t o r i e s ;  
a n a l y s i s  revea led  t h a t  t h e  contaminants were sorbed  w i t h i n  inches  
of t h e  i n t e r f a c e  between t h e  s o i l  and waste, wi th  no  evidence t h a t  
t h e  contaminants were migra t ing  t o  t h e  underlying aquifer[1041.  

S o i l  and w a t e r  samples subsequent ly  

An i n v e s t i g a t i o n  a t  g r e a t e r  depths  w a s  conducted i n  1970-1972 which 
involved f o u r  w e l l s  p e n e t r a t i n g  40 f t  below t h e  water t a b l e  a t  l o c a t i o n s  
o u t s i d e  t h e  Subsurface Disposal  Area. S i x  w e l l s  were d r i l l e d  t o  i n t e r -  
mediate depths  of 250 f t  a t  l o c a t i o n s  w i t h i n  t h e  area, These w e l l s  def ined 
t h e  s t r a t i g r a p h y  and l i t h o l o g y  of t h e  area. I n  add i t ion  t o  t h e  s u r f a c e  
s o i l s  i n  which t h e  w a s t e  i s  bur i ed ,  two unconsol idated s o i l l i k e  s t ra ta  
averaging 12 and 1 3  f t  t h i c k  w e r e  encountered a t  depths  of 110 and 
240 f t .  Seve ra l  t h i n n e r ,  and probably d iscont inuous ,  s t ra ta  were 
found i n  t h e  500- t o  600-ft depth i n t e r v a l .  The groundwater g rad ien t ,  
a t  t h e  t i m e  i t  w a s  encountered, w a s  toward t h e  INEL i n t e r i o r  o r  toward 
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the northeast and opposite to the generalized gradient shown in Figure 11-63. 
A very small quantity of water was encountered at the 215-ft level. One 
of the intermediate depth wells was retained to monitor this zone, while 
the others were plugged [1101. 

Radiochemical analyses of samples taken in subsurface sediment 
beds and groundwater have shown instances of detectable contamination[~101. 
Of the 58 sedimentary samples taken, 27 showed radioactivity at levels 
detectable only by the most sensitive radiochemical methods. Because 
of the techniques inherent in the drilling operations such levels 
could well have arisen through contamination of the drilling cores from 
surface sources. 

In 1975 two additional wells were drilled inside RWMC near the 
wells where earlier samples showed statistically positive quantities of 
waste nuclides. The object of these drillings was to use improved 
coring techniques and improved anti-contamination measures and sample 
the sedimentary 1ayers.at the 110- and 240-ft level for radionuclides. 
Samples taken from these sedimentary layers from this drilling program[ll0al 
showed no waste nuclide radioactivity using analytical procedures of high 
sensitivities. Because of the extensive measures taken in this study 
to minimize extraneous contamination of cores, high confidence is placed 
in the results. The absence of waste nuclide radioactivity in samples 
analyzed in this program suggests that sample contamination may have 
been a factor in the 1970-72 study. 

This core drilling program will continue through October 1977. 
Additional core drilling for special sampling will be performed 
immediately beneath some of the buried wastes with periodic reports 
to be issued. 

A continuing environmental monitoring program is in effect at 
RWMC for surface migration of radionuclides [110b1 . 
is summarized in section II.C.12. During 1974 air samples around RWMC 
indicated no excessive airborne contamination levels; all gross alpha 
results were less than 1 x 10-13 pCi/cc, which is significantly less 
than the most restrictive allowable plutonium-239 air activity of 
2 x 10-12 pCi/cc for a restricted area. The majority of measured 
alpha activities in air samples ranged between 1 x 10-14 and 5 x 10-14 
I-ICi/cc. 

This program 

Surface water samples from rainfall or snow melting were routinely 
collected. Only two samples indicated any radionuclide in excess of 
background levels. The two positive results had low-level cesium-137 
activities of 8.1 + 2.3 x 10-7 pCi/ml and 6.8 + 3.2 x 10-7 pCi/ml, 
respectively. 
limits of 4 x 10-4 pCi/ml for restricted areas. 

These measured values are far beloy the ERDAM-0524 

Surface soil samples show statistically significant plutonium 
content for soils collected within the Subsurface Disposal Area (SDA). 
Average plutonium activity is five disintegrations per minute per gram 
of surface soil (d/m/g). Local background radiation due to weapons 
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f a l l o u t  i s  i n  t h e  range of 0 .1  t o  0 .3  d/m/g i n  s u r f a c e  s o i l s .  The 
contamination l e v e l s  are  i n  t h e  i n t e r i o r  of t h e  fenced SDA and drop 
of f  sha rp ly  wi th  d i s t ance ,  sugges t ing  t h a t  winds have n o t  s e r i o u s l y  
mobilized t h e  contamination. This  monitor ing program is  cont inuing.  

A l a r g e  amount of r a d i o a c t i v i t y  i s  s t o r e d  a t  t h e  ANL S o l i d  Waste 
Storage  F a c i l i t y .  A major p a r t  of t h i s  a c t i v i t y  i s  con t r ibu ted  by a c t i v a t i o n  
products  which have a r e l a t i v e l y -  s h o r t  h a l f - l i f e  and low b i o l o g i c a l  s i g n i f -  
i cance  (e .g . ,  cobalt-60 - 5.3 y r ) .  The material i s  contained i n  cans 
w i t h i n  s e a l e d  s t e e l  l i n e r s .  An empty s teel  l i n e r  i s  pos i t i oned  i n  
t h e  s t o r a g e  f a c i l i t y  and used f o r  co r ros ion  s t u d i e s  t o  v e r i f y  t h e  
i n t e g r i t y  of t h e  enc losure  over  long pe r iods  of t i m e .  A m e t a l l u r g i c a l  
a n a l y s i s  of t h i s  l i n e r  a f t e r  f i v e  yea r s  i n d i c a t e d  e s s e n t i a l l y  no  
d e t e c t a b l e  cor ros ion .  These s t u d i e s  w i l l  cont inue f o r  t h e  l i f e  of 
t h e  f a c i l i t y .  

S o i l  s amples  have been taken i n s i d e  and o u t s i d e  of t h e  per imeter  
fence around t h e  s o l i d  waste s t o r a g e  f a c i l i t y .  S o i l  samples have been 
taken i n s i d e  and o u t s i d e  the p e r i m e t e r  fence  around t h e  S o l i d  Waste 
Stroage F a c i l i t y .  These samples inc lude  both  s u r f a c e  and core  samples 
t o  depths  of 10 f t  w i th in  t h e  fenced area. The core  samples have 
n o t  i n d i c a t e d  any r a d i o a c t i v i t y  above background. Some i s o l a t e d  
amounts of cesium-137 (2-18 pCi/gm) above world f a l l o u t  l e v e l s  
(1 pCi/gm) have been de tec t ed  i n s i d e  t h e  fence  from s u r f a c e  samples, 
which are a t t r i b u t e d  t o  t h e  f a c i l i t y  ope ra t ions .  There is  no  evidence 
of environmental  contamination o u t s i d e  t h e  fence.  

The ICPP waste c a l c i n a t i o n  s t o r a g e  area i s  p a r t  of t h e  WCF. 
The product  i s  s t o r e d  in s t a i n l e s s  steel  tanks  housed i n  r e in fo rced  
concre te  v a u l t s .  Heat and co r ros ion  d a t a  have been c o l l e c t e d  f o r  
t he  purpose of i n d i c a t i n g  a p ro jec t ed  i n t e g r i t y  of a t  least  500 years .  
The e f f e c t s  of var ious  c a t a s t r o p h i e s  such as ear thquakes and f loods  
have been considered i n  t h e  design.  While t h i s  f a c i l i t y  does n o t  
n e c e s s a r i l y  meet a l l  c r i t e r i a  f o r  u l t i m a t e  waste d i s p o s a l ,  i t  inco rpora t e s  
a l l  r e a l i s t i c a l l y  a v a i l a b l e  engineered safeguards.  The waste i s  considered 
t o  b e  r e t r i e v a b l e  f o r  t r a n s f e r ,  a d d i t i o n a l  process ing ,  and u l t ima te  
d i sposa l .  I n  t h e  meantime, t h e  environmental  impact i s  minimal. 

d. Impact on B io ta  

A s  discussed  above, t h e  loss  of graz ing  o r  w i l d l i f e  h a b i t a t  
as a consequence of w a s t e  management f a c i l i t i e s  has  a s m a l l  e f f e c t  
on t h e  b i g  game i n  t h e  area. 
temporar i ly  of h a b i t a t  as w a s t e  ope ra t ions  progressed ,  b u t  w i l l  n o t  
be  deprived permanently of access  t o  t h e  areas. Some small rodent- 
type  animals could burrow down t o  t h e  b u r i e d  wastes and i n g e s t  o r  
sp read  contamination t o  t h e  su r face .  
would be involved,  and t h e  g ross  consequence would be  n e g l i g i b l e .  
Preda tory  animals  conceivably could consume contaminated rodents ,  
b u t  t h e  i n d i v i d u a l  e f f e c t  would be  very s m a l l .  
c u r r e n t l y  under way a t  RWMC are designed t o  provide information concerning 

The rodent popula t ions  could be deprived 

Only minor amounts of a c t i v i t y  

Radioecology s t u d i e s  

111-89 



the long-term impact of these operations on the area's biota. 
study a sampling grid of 34 locations has been laid out and permanently 
marked near the Subsurface Disposal Area. 
locations soil samples are collected and analyzed. In addition, at 
each sampling location up to 11 deer mice (peromyscus maniculatus) 
have been collected and dissected and the tissues weighed and frozen 
for later analysis. Preliminary results from this study indicate the 
concentrations of plutonium-238, -239, and americium-241 in the deer 
mice tissues were low, with many of the samples near or below the minimum 
detection limit for the isotopes. This study is continuing, and the 
collected data will be summarized and published in reports which will 
be available to the public upon request. 

In this 

At each of these sampling 

e. Impact on Man 

A potential for direct radiation exposures to employees 
exists during handling and storage of wastes at the solid waste management 
facilities; however, these areas are monitored and controlled to 
preclude unauthorized entrances and to ensure that no unnecessary exposures 
to personnel occur. The disposed wastes are covered with sufficient 
soil to reduce radiation levels to below 1 mR/hr at l-m height above 
the ground surface. Consequently, the potential for direct radiation 
exposure to the public is minimized and localized within the controlled 
area. Monitoring and maintenance will continue for the foreseeable 
future to provide additional details on environmental impact and 
to provide a basis for evaluation of future human uses of these areas. 

The fence around the solid radioactive waste management areas 
precludes grazing on possibly contaminated land. Hunting is not 
allowed on INEL; and the small rodents, and the predatory and game 
animals at INEL do not enter directly into the human food chain. 
The desert vegetation is not harvested or used by humans, further 
precluding the entrance of contamination into this food chain. Resuspension 
of surficial contamination represents a possibly important route 
to man for the alpha-emitting radionuclides. Snowcover greatly reduces 
the chance of any resuspension, generally from late fall to early 
spring of each year. 
of air dust have shown plutonium-238 and plutonium-239 concentrations 
at CFA during the most probable times for resuspension to be less 
than 10-17 pCi/m3. Continuous exposure to this concentration for 
six months would result in inhalation of no more than 0.036 pCi of 
each isotope and a total lung dose of less than 0.05 mrem. The longest 
credible exposure period for a member of the public is a brief stopover 
at the rest station at the Lost River bridge on U. S. Highway 20, and 
the potential dose is correspondingly lower (less than 0.002 mrem). 

As indicated in Section II.A.9, efforts are now underway to 
retrieve a portion of the buried transuranic wastes at the Subsurface 
Disposal Area of RWMC in order to investigate the feasibility, costs, 
and impacts of large-scale exhumation of this kind of waste. The 
environmental implications of this program are minimized by the use of 
an air support building. 

Measurements by alpha spectrometry on samples 

The building is positioned over the retrieval 
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s i t e  and i s  used t o  provide f avorab le  working cond i t ions  during inclement 
weather. An a d d i t i o n a l  b e n e f i t  is  containment f o r  any p o t e n t i a l  source 
of l o o s e  contamination. The b u i l d i n g  has  c o n t r o l l e d  v e n t i l a t i o n ;  and 
Heal th  Physics  monitoring equipment provides  continuous d a t a  during a l l  
retrieval ope ra t ions .  The disposed 55-gallon drums are uncovered, re- 
t r i e v e d ,  and repackaged i n  83-gallon drums. When a l l  drums a t  t h e  work 
s i t e  have been r e t r i e v e d ,  t h e  excavated area i s  r e s t o r e d ,  t h e  a i r  support  
b u i l d i n g  i s  moved t o  another  l o c a t i o n ,  and t h e  sequence is  repeated.  The 
repackaged drums are t r anspor t ed  t o  TSA f o r  s t o r a g e .  A l l  sampling and 
monitoring t o  d a t e  i n d i c a t e  t h e  ope ra t ion  is proceeding without  any 
adverse impact upon t h e  environment. 

RWMC and t h e  SL-1 B u r i a l  Ground w i l l  b e  maintained as c o n t r o l l e d  
access areas f o r  t h e  f o r e s e e a b l e  f u t u r e  i n  o r d e r  t o  p rec lude  d i r e c t  
r a d i a t i o n  exposures and t h e  spread of contamination. F i n a l  cover and 
p r o t e c t i o n  methods have been p o s t u l a t e d  which w i l l  minimize the envi- 
ronmental impact r e s u l t i n g  from t h e  long-term commitment of t h i s  land 
area. 

f .  The INEL b u r i a l  grounds controversy 

A number of commenters on t h e  d r a f t  of t h i s  s t a t emen t ,  includ- 
i n g  Idaho Governor Andrus, c a l l e d  a t t e n t i o n  t o  l a c k  of d i scuss ion  of 
s t a t emen t s  made by the Atomic Energy Commission i n  1970 t o  Idaho o f f i -  
c i a l s  concerning removal of t r a n s u r a n i c  wastes from above the Snake P l a i n  
Aquifer a t  t h e  INEL. These wastes were brought t o  INEL from t h e  Rocky 
F l a t s  P l a n t  i n  Golden, Colorado, and r o u t i n e l y  b u r i e d  i n  t r enches  or  
p i t s .  This  p l a n t  produces plutonium components f o r  t h e  nuc lea r  weapons 
program and generated t h e  waste as p a r t  of t h e  r o u t i n e  ope ra t ions .  
ever, as a r e s u l t  of a f i r e  a t  t h e  Rocky F l a t s  P l a n t  i n  1969 and the 
r e s u l t a n t  cleanup ope ra t ions  a l a r g e  volume of s o l i d  waste contaminated 
wi th  plutonium, which could n o t  economically b e  decontaminated, was 
brought t o  INEL. P u b l i c i t y  stemming from t h e  f i r e  caused ques t ions  t o  
be r a i s e d  by Idaho o f f i c i a l s  regarding t h e  s a f e t y  of burying t h e  Rocky 
F l a t s  waste a t  Idaho. 
h a l f - l i f e  of plutonium-239 and i t s  t o x i c i t y .  

How- 

The concerns centered on t h e  r e l a t i v e l y  long 

I n  response t o  a r e q u e s t  from U.S. Senator  Frank Church, t h e  Bureau 

The f ind-  
of Rad io log ica l  Heal th  (BRH) of t h e  U.S. P u b l i c  Heal th  Se rv ice  made an 
o n s i t e  review of INEL r a d i o a c t i v e  w a s t e  management p r a c t i c e s .  
i n g s  of t h e  BRH were summarized as fol lows i n  t h e  l e t te r  of t r a n s m i t t a l  
i n  February 1970 t o  Senator  Church from t h e  A s s i s t a n t  Surgeon General: 

"It is our  judgment t h a t  t h e  l and  b u r i a l  techniques c u r r e n t l y  
i n  use  meet t h e  r a d i a t i o n  s a f e t y  cr i ter ia  of the Fede ra l  Radi- 
a t i o n  Council f o r  p r o t e c t i o n  of t h e  publ ic .  
mental  r a d i o a c t i v i t y  d a t a  are a v a i l a b l e  f o r  t h e  s i t e  which 
show t h a t  no h e a l t h  and s a f e t y  problems have occurred as a 
r e s u l t  of t h e  b u r i a l  of s o l i d  r a d i o a c t i v e  wastes. 
experience a l s o  i n d i c a t e s  t h a t  i t  is n o t  l i k e l y  t h e  radio- 
a c t i v i t y  w i l l  m ig ra t e  from t h e  b u r i a l  grounds i n  the f u t u r e  
i f  c u r r e n t  procedures are continued. 
long-term effects, a d d i t i o n a l  s a f e t y  measures, c o n s i s t e n t  
y i t h  a conse rva t ive  approach regarding r a d i o a c t i v i t y ,  are 
recommended i n  t h e  s t a f f  study.' ' 

Extensive environ- 

This  

Because of t h e  p o t e n t i a l  
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These recommendations, which have been implemented a t  INEL, were 
as follows: 

Each t r e n c h  and p i t  should be covered and maintained 
wi th  a minimum of t h r e e  f e e t  of s o i l  above t h e  ground 
level. 

A minimum of two feet of a l luvial  s o i l d  should b e  r equ i r ed  
beneath a l l  bu r i ed  wastes. 

Flood c o n t r o l  measures should be taken t o  p reven t  any 
accumulation of water i n  t h e  t r enches  and p i t s .  

Test h o l e s  should b e  d r i l l e d  i n  t h e  v i c i n i t y  of t h e  
b u r i a l  s i t e  t o  p rov ide  d e t a i l e d  information on t h e  
l i t h o l o g y  and c h a r a c t e r  of t h e  a l l u v i a l  d e p o s i t s  of 
underlying b a s a l t .  

Plutonium and americium waste should be seg rega ted  i n  
s p e c i a l  p i t s .  

Monitoring should b e  i n t e n s i f i e d  t o  provide a p o s i t i v e  
i n d i c a t i o n  that r a d i o a c t i v e  material has  n o t  migrated 
from t h e  waste b u r i a l  ground. 

Plutonium and americium w a s t e  should be a c c e s s i b l e  f o r  
removal from t h e  b u r i a l  ground should i t  be d e t e c t e d  in 
monitoring ho le s .  

r ea s su rances  as to t he  absence of any near-term problem d id  n o t  
f u l l y  s a t i s f y  t h e  concern of Idaho o f f i c i a l s  as  t o  t h e  long-term s a f e t y  
of t h e  a q u i f e r  underlying t h e  INEL. 
Senator  Church on June 9 ,  1970, t h a t :  

AEC Chairman Seaborg i n d i c a t e d  to 

"In FY [ F i s c a l  Year] 1972 AEC w i l l  seek a u t h o r i t y  t o  
e s t a b l i s h  a demonstration r a d i o a c t i v e  waste r e p o s i t o r y  
i n  s a l t  which w i l l  s t o r e  both high-level  wastes from 
f u e l  r ep rocess ing  p l a n t s  and low-level a lpha  p a r t i c l e  
emi t t i ng  wastes ( a lpha  wastes) such as t h e  Pu-contami- 
nated wastes from t h e  Rocky F l a t s  P l an t .  
mine r e p o s i t o r y  i s  f u l l y  o p e r a t i v e ,  AEC p l a n s  t o  s t o r e  
n o t  only c u r r e n t l y  generated a lpha  wastes b u t  a l s o  t o  
excavate, p rocess  and s h i p  such w a s t e s  which are being 
temporar i ly  s t o r e d  at NRTS. A number of years W i l l  be 
r equ i r ed  t o  complete t h e  t r a n s f e r  of such w a s t e s  from 
NRTS which w e  hope t o  s t a r t  w i t h i n  t h e  decade." 

The F i s c a l  Year 1972 a u t h o r i z a t i o n  r e q u e s t  r e f e r r e d  t o  by D r .  Seabotg 

When the s a l t  

w a s  f o r  a r e p o s i t o r y  i n  s a l t  w i t h  a t e n t a t i v e  s i t e  s e l e c t i o n  a t  Lyons, 
Kansas, s u b j e c t  t o  t h e  s a t i s f a c t o r y  completion of c e r t a i n  a d d i t i o n a l  
tests and s t u d i e s .  The p r o j e c t e d  a v a i l a b i l i t y  of t h i s  Lyons r e p o s i t o r y  
w a s  1976, so t h a t  t h e  beginning of w a s t e  t r a n s f e r  from Idaho be fo re  t h e  
end of t h e  decade seemed a reasonable  hope. However, s i t e - s p e c i f i c  
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s a f e t y  ques t ions  a r o s e  at the Lyons s i t e  and when i t  appeared t h a t  they 
might n o t  b e  S a t i s f a c t o r i l y  answered i n  a reasonable  t i m e ,  that p r o j e c t  
w a s  abandoned i n  mid-1972 and a search f o r  a l t e r n a t i v e  l o c a t i o n s  begun. 

I n  t h e  ERDA budget submit ted t o  Congress e a r l y  i n  1975, i nc reased  
funding w a s  r eques t ed  f o r  co re  d r i l l i n g  t o  e v a l u a t e  a bedded sa l t  area 
i n  s o u t h e a s t e r n  New Mexico, i d e n t i f y i n g  t h e  work with t h e  need t o  pro- 
v i d e  a r e p o s i t o r y  f o r  t h e  permanent d i s p o s a l  of ERDA-generated t r ans -  
uranium w a s t e ,  e spec ia l ly -  t h e  backlog of Rocky F l a t s  waste a t  Idaho. 
S i t e  e v a l u a t i o n s  i n  t h i s  s o u t h e a s t e r n  New Mexico area have provided 
confidence t h a t  t h i s  l o c a t i o n  W i l l  b e  s u i t a b l e  f o r  a r e p o s i t o r y  and 
c u r r e n t  p l a n s  cal l  f o r  completion of cons t ruc t ion  of t h i s  f a c i l i t y  by 
1984. The r e p o s i t o r y  should provide t h e  h i g h e s t  p o s s i b l e  degree of 
s a f e t y  and i s o l a t i o n  of t h e s e  wastes. 
of a s e p a r a t e  environmental  impact s ta tement .  

The f a c i l i t y  w i l l  be  t h e  s u b j e c t  

I n  a d d i t i o n  t o  t h e  a v a i l a b i l i t y  of a permanent d i s p o s a l  r e p o s i t o r y ,  
ano the r  major problem is  t h e  a u t h o r i z a t i o n  and funding of the waste 
removal. An o p e r a t i o n  of t h i s  magnitude w i l l  ve ry  probably r e q u i r e  
s p e c i f i c  a p p r o p r i a t i o n s  from t h e  Congress. This  w i l l  be  e s p e c i a l l y  t r u e  
f o r  any proposal  t o  remove t h e  s i g n i f i c a n t  p o r t i o n  of the transuranium 
waste which w a s  b u r i e d  i n  p i t s  and t r enches  be fo re  adopt ion of t h e  
p r e s e n t  more r e a d i l y  r e t r i e v a b l e  s t o r a g e  system i n  1970. 

Exhumation of b u r i e d  w a s t e s  i s  n o t  w i thou t  r isk,  as po in ted  o u t  by 
t h e  Na t iona l  Academy of Sciences i n  a r e c e n t  r e p o r t  [119) which recom- 
mended a c l o s e  examination of the b e n e f i t s  of any such exhumation and 
of i t s  a l t e r n a t i v e s .  Such comparisons are c o n s i s t e n t  wfth the provi- 
s i o n s  of t h e  Na t iona l  Environmental P o l i c y  A c t .  ERDA is now p repa r ing  
a r e p o r t  on t h e  t e c h n i c a l  a l t e r n a t i v e s  f o r  long-term management of t h e  
t r a n s u r a n i c  wastes a t  I N E L .  T h i s  r e p o r t  i s  scheduled t o  be re l eased  f o r  
p u b l i c  review and comment i n  l a t e  1977 and w i l l  i nc lude ,  f o r  example, a 
d i s c u s s i o n  of t h e  f i n d i n g s  of t h e  test exhumations conducted over t h e  
p a s t  f e w  y e a r s  on s m a l l  volumes of bu r i ed  t r a n s u r a n i c  wastes of d i f f e r e n t  
ages and kinds of packaging. 

The nex t  s t e p  w i l l  b e  p r e p a r a t i o n  of an environmental  impact state- 
ment on t h e  long-term management alternatives f o r  t ransuranic:  waste. 
This  s t a t emen t  w i l l  a l s o  be made a v a i l a b l e  f o r  p u b l i c  review, and i n  
f i n a l  form w i l l  provide t h e  environmental  i npu t  i n t o  f u t u r e  dec i s ions  
on t h e  long-term management of t h e  wastes. 

g. Conclusion 

S o l i d  waste management invo lves  an i n d e f i n i t e  connnitment of 
158 acres of d e s e r t  g raz ing  l and  with a g raz ing  c a p a c i t y  of about 6 AUMs 
p e r  y e a r  and an e q u i v a l e n t  h a b i t a t  f o r  s m a l l  rodent-type animals. 

There is  no evidence t h a t  waste n u c l i d e s  have thus  f a r  moved 
below t h e  waste b u r i a l  areas t o  an e x t e n t  t h a t  would compromise i n  any 
way t h e  q u a l i t y  of t h e  groundwater. 
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Work is i n  p rogres s  t o  e v a l u a t e  the environmental  impact of alterna- 
tives f o r  long-term management of the s o l i d  wastes at INEL. 

6 .  Nonradioactive S o l i d  Waste Disposal[a] 

a, F a c i l i t i e s  Used f o r  Disposal  

Since 1970 most nonrad ioac t ive  s o l i d  w a s t e  has been disposed 
of i n  a s a n i t a r y  l a n d f i l l  l o c a t e d  i n  a g r a v e l  p i t  a t  CFA. 
t ies of c o n s t r u c t i o n  d e b r i s  are disposed of a t  the TAN s o l i d  waste 
management site. 
p e r  week. During 1974 i n d u s t r i a l  waste w a s  con t r ibu ted ,  by volume, a t  
the  INEL areas i n  t h e  fol lowing p ropor t ions :  

Small quant i -  

This waste is  g e n e r a t e d - a t  an average rate of 20 tons 

ICPP - 12% 
( 2 )  TRA - 15% 
(3) ARA-SPERT - 5% 

(4) CFA - 15% 

(5)  NRF - 30% 

(6) ANL - 13% 

(7) TAN - 10% 

The waste e n t e r i n g  t h e  CFA s a n i t a r y  l a n d f i l l  i s  composed of 
approximately 90% h igh ly  combustible waste such as paper ,  cardboard,  
wood, r a g s ,  e tc . ,  and 10% garbage such as animal and vege tab le  wastes, 
p r i m a r i l y  from c a f e t e r i a s .  I n  a d d i t i o n ,  c o n s t r u c t i o n  and demoli t ion 
wastes are est imated a t  an average of 20 tons  p e r  month. The waste 
m a t e r i a l  i s  monitored i n  the  v a r i o u s  p l a n t  areas and s t o r e d  i n  4 -  t o  
8-yd3 metal Dempster dumpster c o n t a i n e r s .  
marked t o  d i s t i n g u i s h  c l e a r l y  between nonrad ioac t ive  and r a d i o a c t i v e  
s t o r a g e  d e s t i n a t i o n .  
wastes have t i g h t .  f i t t i n g  l i d s  t o  restrict access of d i s e a s e  v e c t o r s  
t o  t h e  waste material. 

These c o n t a i n e r s  are 

The c o n t a i n e r s  used t o  s t o r e  t h e  c a f e t e r i a  

Combustible wastes are c o l l e c t e d  wi th  a 30-yd3 c a p a c i t y  Dempster 
dumpster, on a frequency compatible wi th  waste gene ra t ion  rates. 
The c a f e t e r i a  wastes are  c o l l e c t e d  using a s p e c i a l l y  designed t ruck  
t h a t  h a u l s  t h e  s t o r a g e  c o n t a i n e r s  t o  and from t h e  l a n d f i l l .  The 
c o l l e c t i o n  frequency of t h i s  waste is  determined by weather and s a n i t a r y  
c o n s i d e r a t i o n s ,  as w e l l  as by gene ra t ion  rates. 

La] See Appendix E, Table E-5 f o r  1975-76 nonrad io log ica l  s o l i d  waste 
data .  

111-94 



The waste is  d e l i v e r e d ,  spread ,  and compacted i n  a t h i n  l a y e r  
(about 40% of t h e  o r i g i n a l  volume) by heavy equipment. 
d a i l y  w i t h  a 6-in. l a y e r  of e a r t h  barrowed from w i t h i n  t h e  working 
area. 

It i s  covered 

b .  Land Commitment - -- and Impact 

The p i t  i n  which t h e  l a n d f i l l  i s  be ing  developed has  served  
as a source  of g r a v e l  s i n c e  t h e  area w a s  used as a gun t e s t i n g  range 
dur ing  t h e  1940s. The p i t  no longer  s e r v e s  i t s  o r i g i n a l  purpose.  
It occupies  an area of about 70 acres and has  been excavated t o  a 
depth  of 15 f t .  The l a n d f i l l  occupies  about one- th i rd  of t h e  p i t  
area. 
have t h e  e f f e c t  of r e s t o r i n g  t h e  area t o  a c o n d i t i o n  resembling the 
o r i g i n a l  land  form. 

F i l l i n g  t h a t  p i t  w i th  waste fol lowed by an e a r t h  cover  w i l l  

c. Water Commitment - and Impact 

The r e g i o n a l  water t a b l e  i s  about  450 f t  below t h e  land  
s u r f a c e .  The g r a v e l l y  r e g o l i t h  is  about 30 f t  t h i c k ,  b u t  t h e  th i ckness  
varies as a r e s u l t  of t h e  undula t ing  s u r f a c e  of the under ly ing  b a s a l t .  
Runoff o r  f loodwater  does n o t  accumulate i n  t h e  p i t ,  and any r a i n  
o r  snowfa l l  qu ick ly  seeps  away. The waste l a y e r s  d i s r u p t  the pe rmeab i l i t y  
of t h e  f i l l ,  and t h e  l i m i t e d  r a i n f a l l  does no t  p e n e t r a t e  o r  p e r c o l a t e  
through. Consequently,  t h e r e  i s  no t h r e a t  t o  t h e  groundwater as 
a r e s u l t  of t h i s  ope ra t ion .  Even i f  h y p o t h e t i c a l  wors t -poss ib le  
s i t u a t i o n s  are p o s t u l a t e d ,  i t  i s  inconce ivable  t h a t  combust ible  wastes 
would compromise t h e  groundwater 450 f t  below. 

d .  Conclusion - ~ -  

The d i s p o s a l  of  nonrad ioac t ive  s o l i d  waste by means of 
a l a n d f i l l  i n  an abandoned g r a v e l  p i t  does n o t  have any i d e n t i f i e d  
adverse  impact on b i o t a ,  man, o r  t h e  environment. 

7 .  Waste Heat Discharge ~- 

Heat i s  d ischarged  from several sources :  space h e a t ,  
p rocess  h e a t ,  e l ec t r i ca l  consumption, r e a c t o r s ,  and v e h i c l e s .  These 
sources  are descr ibed  below. 

a. D i s s i p a t i o n  of Heat from Space Heat ing and Process ing  
Equipment 

Heat i s  d i s s i p a t e d  t o  t h e  atmosphere from a l l  b u i l d i n g s  
which house people ,  goods, o r  process  equipment. Most of  t h e  hea t  
is  genera ted  from t h e  combustion of No. 2 and N o .  5 f u e l  o i l .  Some 
a l s o  is  r e j e c t e d  from t h e  use of e l ec t r i ca l  equipment. Heat generated 
i n  o p e r a t i o n a l  processes  and f o r  u se  i n  process  equipment i s ,  i n  
most cases, a l s o  d i s s i p a t e d  t o  t h e  atmosphere. Table  111-21 g ives  
t h e  y e a r l y  average d i s s i p a t i o n  from t h e s e  sources .  
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TABLE 111-21 

HEAT DISSIPATED TO ATMOSPHERE FROM SPACE AND PROCESS HEATING 
AND ELECTRICAL SOURCES 

Source Q u a n t i t y  Heat t o  Atmosphere (Btu) [a1 

Diesel f u e l  1,500,000 g a l  2.0 x 1011 
Kerosene 2,250,000 g a l  3 . 4  x 1010 
No. 2 f u e l  o i l  2,500,000 g a l  3.5 x 1011 

Nos. 5-6 f u e l  oil 10,000,000 g a l  1.4 x 1012 

E l e c t r i c i t y  183,000,000 kwh 6.24 x 10l1 

2.6 x 1012 T o t a l  f o r  INEL 

[ a ]  A Btu is approximately equa l  to  252 calories. 

b .  ___ DissJ .a t ion --____- of Heat from Nuclear Reactors  

H e a t  from r e a c t o r  o p e r a t i o n s  i s  t r a n s f e r r e d  t o  the atmosphere 

The a n t i c i p a t e d  rate f o r  t h e s e  sources  i s  given i n  Table  111-22. 
by evapora t ion  type  hea t  exchangers,  a i r -cooled condensers ,  and spray  
ponds. 
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TABLE 111-22 

HEAT DISSIPATION TO ATMOSPHERE FROM REACTOR OPERATIONS 

Reactor Area 

EBR- I I ANL-w 
ETR TRA 
ATR TRA 

NRF 

LOFT TAN 

PBF SPERT 

Total for INEL 

Estimated Total 
Means (Btu/yr ) 

One cooling tower 

One cooling tower 
One cooling tower 

9.3 x 1011 
3.9 x 1011 
4.5 x 1012 

Cooling towers and spray ponds 1.6 x 10 13 [a] 

Air-cooled condenser 4.1 x 10l1 
Cooling tower 1.0 x 1011 

2.2 1013 
~~ 

[a] Estimated 

c. Dissipation of Heat from Vehicles 

INEL is a remote area with facilities dispersed widely over 
the 894 mi2. 
operations. Approximately 700,000 gallons of gasoline and 1 million 
gallons of diesel fuel are expended in an average year. 

Considerable vehicle activity is associated with the 

The heat from vehicles is dispersed to the atmosphere over a 
wide area involving the roadways between INEL, Idaho Falls, Arco, 
and Pocatello, as well as the intralaboratory areas. The amount 
of heat released from this source is approximately 2 x 10l1 Btu/yr. 

Table 111-23 is a summary of the total estimated amount of heat 
The total of 2.5 x 1013 Btu 

Using local climatological data160 , 

discharged to the atmosphere each year. 
can be put into perspective by comparing it with the thermal energ 
received from the sun at INEL. 
it is estimated that this is 1.7 x 10l6 Btu. 
is 0.15% of the natural radiant heat, which is inconsequential. 

4i 
The INEL contribution 

d. Dissipation of Heat to the Lithosphere -- 

This results from the discharge of waste water to the groundwater 
system. Heat emanating from disposal ponds is utilized in effecting 
evaporation or is dissipated to the atmosphere. The water from ICPP 
is discharged directly to the aquifer via the well discussed in previous 
sections. The temperature of waste water varies between 65 and 75°F 
(19 and 21"C, respectively). Assuming a mean discharge of 3.0 x lo9 



TABLE 111-23 

HEAT DISCHARGE TO INEL ATMOSPHERE 

Source Discharge (Btu/vr ) 

Space and process heat 2.0 x 1012 
Electrical conversion to waste heat 6.2 x 10l1 
Reactor operations 2.2 1013[~] 

Total 2.5 1013 

Vehicles 1.6 x 10l1 

[a] Estimated 

gallons/yr, the thermal discharge would be about 4 x 1010 Btu. 
temperature of the groundwater is about 53.5'F (12OC). The effect 
of the discharge is illustrated by Figure 111-41, which shows temperature 
isopleths for the year 1969[761. The effect is not distinguishable 
beyond a distance of 1.7 miles down gradient from the disposal well. 
The conclusion then is that heat discharges to the lithosphere have 
not caused wi.despread temperature changes in the aquifer. 

The 

A heat balance has been calculated on the basis of the discharge 
between 1952 and 1967 and the conductance of the lithosphere[76]. 
This indicates, assuming the same rate of discharge, that the heat 
effects will continue to be minor as the conductance is equal to 
the input and that a state of equilibrium probably has been achieved. 

e. Conclusion 

The impact of heat dissipation in the atmosphere is inconsequential 
in comparison with that from natural sources. Discharge of heated 
liquid waste to the regional aquifer is inconsequential, as the conductance 
capacity of the lithosphere quickly compensates for the input. 

8. Maximum Health Effects from Radioactive Waste Discharges ---- 

In the preceding sections the radiation dose to man 
from INEL releases has been quantified. However, the effect these 
very low radiation doses has on man is more difficult to determine. 
In the reports, "The Effects on Populations of Exposure to Low Levels 
of Ionizing Radiation" (The BEIR Report) [1111 and "Ionizing Radiation: 
Levels and Effects"[ll2] , attempts have been made to relate radiation 
dose to the population to potential health effects. The types of 
health effects generally considered are cancer deaths, cancer cases, 
general ill health, and genetic damage. 
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Figure  111-41 The ICPP-TRA V i c i n i t y  D i s t r i b u t i o n  of Waste Heat i n  
Siiake River P l a i n  Aquifer Water, 1969. 

Both r e p o r t s  d i s c u s s  t h e  d i f f i c u l t i e s  i n  a r r i v i n g  a t  dose h e a l t h  
e f f e c t  r e l a t i o n s h i p s  because of t h e  very l o w  number of h e a l t h  e f f e c t s  
t h a t  might occur a t  t h e  low doses of r a d i a t i o n  being considered.  
Because of t h e  l a c k  of d a t a  a t  t h e  ve ry  low a c t u a l  dose rates (usua l ly  
less than 10-3 rem/hr) and l o w  t o t a l  doses ,  h e a l t h  e f f e c t  assumptions 
are ex t r apo la t ed  from d a t a  from high dose r a d i a t i o n  exposures d e l i v e r e d  
a t  very high dose rates (many rern/hr). It i s  assumed t h a t  t h e  dose  
e f f e c t  r e l a t i o n s h i p  i s  l i n e a r ,  t h a t  i t  is  independent of dose r a t e ,  
and t h a t  t h e r e  i s  no th re sho ld  dose below which e f f e c t s  w i l l  n o t  
be produced; u se  of t h e s e  assumptions ove res t ima tes  t h e  expected 
number of h e a l t h  e f f e c t s .  Fu r the r ,  i t  i s  assumed t h a t  t h e  equa l  
popu la t ion  doses  ( t h e  sum of t h e  doses r ece ived  by a l l  members of 
a popu la t ion  group) produce equa l  e f f e c t s ;  t h a t  is ,  t h a t  a s m a l l  
dose d e l i v e r e d  t o  a l a r g e  popu la t ion  ( e . g . ,  0.001 r e m  t o  each of 
1 m i l l i o n  i n d i v i d u a l s )  has the same e f f e c t  as a l a r g e  dose received 
by a sma l l e r  group ( e .g . ,  10 r e m  t o  each of 100 i n d i v i d u a l s ) .  
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For the analysis of the maximum potential number of health effects 
which might occur as a result of the radiation doses resulting from 
effluent releases, the conversion factors relating population dose 
to maximum number of health effects from the BEIR Report as summarized 
by EPA[113] were used. These values are given in Table 111-24. 

TABLE 111-24 

CONVERSION FACTORS RELATING POPULATION DOSE 
TO MAXIMUM NUMBER OF HEALTH EFFECTS 

Tissue at Risk 

Total Body 
Lung 
Thyroid [a1 

Conversion Factors for Mortality 

200 cancer deaths/l06 man-rem 
50 cancer deaths/l06 man-rem 

5 cancer deaths/l06 man-rem 

Tissue at Risk Conversion Factors for Incidence 

Total Body 400 
Thyroid < 1 year old 150 

1-19 years old 35 
20 years old 5 

Weighted MeanLa] 20 
Genetic Damage 300 

[a] Weighted for an assumed population age 
in Reference 113. 

cancer cases/l06 man-rem 
cancer cases/d man-rem 

cancer cases/l06 man-rem 

cancer cases/l06 man-rem 

cancer cases/lO6 man-rem 

effects / 106 man-rem 

distribution given by EPA 

The maximum numbers of health effects were computed using the conversion 
factors and maximum potential population doses given in Table 111-24 which 
could result from the radioactivity released from the various facilities. 
The whole body population dose includes the contributions from airborne 
noble gases, tritium, and particulates (Table 111-3) and the external 
radiation dose commitment from deposition of radioactive particulates 
released during 1974. The gonadal doses are presumed equal to the 
whole body doses in the computation of maximum genetic damage. The 
population thyroid doses presume that all individuals consume 80 
kg (176 lb) of meat from animals which are in equilibrium with the 
iodine-129 levels in their local environment. The population lung 
doses were computed using the particulate isotope release rates for 
1974 and the dispersion map shown in Appendix D. The lung dose was 
averaged over the entire lung mass in accord with I C R P  recommendations. 
The whole body doses were added to the lung doses from inhaled particulates 
and the thyroid doses from iodine inhalation and ingestion to obtain 
the organ population doses shown in Table 111-25. 
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TABLE 111-25 

ESTIMATES OF VARIOUS HEALTH EFFECTS WITHIN A 50-MILE 
RADIUS FOR 1974 OFFSITE POPULATION DOSES 

[a1 Population Dose Maximum Number 
Tissue at Risk (man-r em) of Cancer Deaths 

Total Body 

Lung 
Thyroid 

7.7 1.5 
8 . 5  4.3 

43 2.2 

[a1 Population Dose Max hum 
Tissue at Risk (man-r em) Incidence 

Total Body 

Thyroid 

7.7 

43 

3.1 x cancer cases 

8 . 6  x cancer cases 

Genetic Material 7.7 2.3 x genetic effects 

[a] Maximum numbers of effects through all future years for the 
offsite population doses due to operational releases in 1974. 

The maximum whole body population dose due to INEL operations, 
2.0 man-rem, may be compared with those from natural background and 
other sources. The annual 50-mi radius population whole body dose from 
the 150 mrem/hr natural background radiation is about 10,500 man-rem (and 
may vary by %l,OOO man-rem from year to year). In addition to the natural 
background radiation, the average individual in the United States 
receives about 73 mrem/yr from manmade sources , principally from 
medical and dental diagnostic and therapeutic procedures [1111. If 
the local population is average in this respect, an additional 50-mi 
radius whole body population dose of 5,000 man-rem would have been 
received in 1974 from such sources. The contribution from 1974 waste 
management operations is only 0.02% of the total population dose 
and cannot be considered a significant addition. 

The maximum numbers of health effects are shown in Table 111-25. 
All the computed maximum incidences are fractions much less than 
one and it may be concluded that there will be no health effects 
resulting from radioactivity releases from site waste management 
operations in 1974. 

9. Environmental Dose Commitment 

The EPA has developed a concept called the "environmental 

"The concept encompasses the total projected radiation 
dose commitment" to assess the total impact of a nuclear facility on 
the environment. 
dose to populations committed by the irreversible release of long-lived 
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radionuclides to the environment and forms a basis for estimating the 
total potential consequences on public health of such environmental 
release”[ll3]. 
projections of radionuclide transport on the basis of present knowledge, 
these potential consequences have been calculated only for the first 
one hundred-year period following release.” 
considered by EPA were tritium, krypton-85, iodine-129, and the actinides. 

As stated by EPA, “Because of the difficulty of making 

The particular radionuclides 

The environmental dose commitment from INEL waste management 
operations is small because of the small quantities of radionuclides 
released to the environment. An estimate of the INEL environmental 
dose commitment can be calculated by comparing the releases used by 
EPA[113] and the INEL releases. 
stated by EPA are adopted and the resulting health effects for the 
INEL waste management operations for several postualted time periods 
are calculated. Operating periods and emission rates assumed were: 

For the estimations, all assumptions 

(a) ICPP and present reactor facilities operate through 1980 
with emission rates equal to the average of those observed 
during the 1970 through 1974 operating period 

(b) ICPP and present reactor facilities operate through 2000 
with emission rates equal to the average of those observed 
during the 1970 through 1974 operating period 

(c) ICPP and present reactor facilities operate through 2020 
with emission rates equal to the average of those observed 
during the 1970 through 1974 operating period. 

The emission rates assumed for all three cases are believed high 
because process improvements and effluent reduction programs are being 
developed and adopted continually. The environmental dose commitment 
was calculated for the four radionuclides considered in the EPA study. 
Exposures were calculated for a U.S. population increasing from 200 
million in 1970 to a constant 400 million in the year 2030 and beyond. 
The earth’s population was taken as 3.5 billion in 1970 with a growth 
rate of 1.9%/yr. 

The quantities of radionuclides potentially released by the nuclear 
power industry through 2020 were calculated by summing the 5-yr inventory 
quantities and multiplying by the EPA assumed release fraction as shown 
in Table 111-26. 

The health effects calculated to result from this release from 
the nuclear power industry for the period 1970 to 2020 and for the 
following 100 years as given by EPA are shown in Table 111-27. 

The quantities of thzse radionuclides released by the INEL waste 
management operations under the three postulated operating periods 
are given in Table 111-28. 

For the releases of radionuclides given in Table 111-28, the 
environmental dose commitments in maximum number of health effects 
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TABLE 111-26 

POTENTIAL RADIONUCLIDE RELEASES FROM NUCLEAR POWER INDUSTRY 

T o t a l  Q u a n t i t y  Assumed Calcula ted  
Produced t o  R e  l e  as e Q u a n t i t y  

Radionuclide 2020 (Ci) F rac t ion  Released (Ci) 

T r i t i u m  1.1 109 1 1.1 109 

1291 5.5 104 0.1 5.5 103 

239Pu 1.0 109 10-6 1.0 103 

85Kr 1 . 4  x 1O1O 1 1.4  x 1O1O 

TABLE 111-27 

POTENTIAL HEALTH EFFECTS ON THE EARTH'S POPULATION FROM NUCLEAR 
POWER INDUSTRY AS STATED BY EPA 

Calcula ted  Total 

T r i t i u m  1.1 109 2,800 213 F a t a l  

85Kr 1.4 x 1O1O 6,900 213 F a t a l  

1291 5.5 103 250 114 F a t a l  

239Pu 1.0 103 24,000 A l l  F a t a l  

Radionuclide Curies  Released Heal th  E f f e c t  S everi t y 

TABLE 111-28 

ESTIMATED RADIONUCLIDE RELEASE FROM THE 
INEL WASTE MANAGEMENT OPERATIONS (curies) 

~ ~ _ _ _ _ _ _ _ _ _ _ _  

Pos tu la t ed  Operat ing Per iod  

Radionucl ide 1974-1980 1974-2000 1974-2020 
T r i t i u m  2.1 lo4  8.0 104 1.4 lo5 
85Kr 8.0 105 3.1 x lo6 5.5 x 106 

1291 7.0 x 10-1 2.7 4.7 

239Pu 7.0 10-3 3.0 x 5.0 x 

111-103 



are given in Table 111-29 for each postulated operating period. The 
calculation is made by taking the ratio of the releases used by EPA 
and the estimated releases from the INEL waste management operations 
and applying the resulting ratio to the health effects as calculated 
by EPA. This a proach accepts all assumptions and calculatory methods 
used by EPA[113 P . 

TABLE 111-29 

ESTIMATES OF POTENTIAL HEALTH EFFECTS ON THE EARTH'S POPULATION 
FROM THE INEL WASTE MANAGEMENT OPERATIONS 

Radionuclide 

Tritium 
(2/3 Fatal) 

85 r 
(273 Fatal) 
1291 
(1/4 Fatal) 

(All Fatal) 
Severity 

Total Morbidity 
Total Mortality 

239Pu 

Postulated Operating Period 

1974-1980 19 74-2000 1974-2020 

0.05 0.2 0.4 

0.4 1.5 2.7 

0.03 0.1 0.2 

0.2 0.7 1.2 

1 
1 

1 
2 

1 
3 

The significance of these values is not known. Although the 
dose rate is extremely low, the population exposed is taken to be 
very large. The uncertainties involved in using health effects data 
from high dose and high dose rate exposures to estimate the effects for 
extremely low dose rates were reviewed earlier. 

C. ENVIRONMENTAL IMPACT -- DUE TO ABNORMAL CONDITIONS 

Abnormal or accident conditions caused by malfunctioning equipment, 
process mistakes, natural phenomena, or sabotage can be postulated for 
activities carried out at INEL for both nonradioactive and radioactive 
wastes. Since there are several plants, waste systems, and postulated 
initiating events, waste streams were examined categorically to identify 
the general system and the corresponding abnormality which would 
result in the maximum environmental impact. The accidents analyzed, 
while not detailed relative to the type of initiating event, represent 
potential consequence of sabotage directed at waste management operations. 
For example; tank leaks, pipe leaks, or surface spills might be the 
result of sabotage. 
that might result from less sophisticated sabotage. The consequences 

Onsite transportation accidents are another example 
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o r  m i t i g a t i n g  c o n s i d e r a t i o n s  of each of t h e  gene ra l  system a c c i d e n t s  
are d i scussed  s e p a r a t e l y  below. 

1. Radioact ive Airborne Waste I n c i d e n t s  

The maximum abnormality wi th  an a i r b o r n e  waste system 
t y p i c a l l y  would b e  a f a i l u r e  of a HEPA f i l t e r .  
t o  remove p a r t i c u l a t e  matter from waste a i r  streams, may f a i l  as 
a r e s u l t  of several d i f f e r e n t  types of occurrences.  Furthermore, a f i l t e r  
may f a i l  as a r e s u l t  of a l a r g e  s o l i d  o b j e c t  p e n e t r a t i n g  t h e  f i l t e r  
media, r e l e a s i n g  some p o r t i o n  of t h e  entrapped r a d i o a c t i v i t y  t o  t h e  
airstream. 
of t h e  airstream weakening t h e  f i l t e r  media, aga in  r e s u l t i n g  i n  t h e  
release of r a d i o a c t i v i t y  t o  t h e  airstream. A t h i r d  p o s s i b i l i t y  would 
be a f i r e  o r  explosion i n  t h e  HEPA f i l t e r  v a u l t  which could release 
a l l  of t h e  entrapped r a d i o a c t i v i t y .  

HEPA f i l t e r s ,  used 

The f i l t e r  may f a i l  as a r e s u l t  of high moisture  con ten t  

I n  a s s e s s i n g  t h e  v a r i o u s  INEL p l a n t s ,  t h e  f a i l u r e  of t h e  HEPA 
f i l t e r  a t  t h e  ICPP c a l c i n e r  appears  t o  represent t h e  worst-case a c c i d e n t .  
Th i s  f i l t e r  i s  changed about every n i n e  days. The c u r i e  con ten t  
of an average f i l t e r  j u s t  b e f o r e  changeout is  shown i n  Table 111-30. 

TABLE 111-30 

ISOTOPIC BUILDUP ON ICPP WCF FILTER 

Nuclide 

Ruthenium-106 

Strontium-90 

Cesium-137 

Cerium-144 

Curies  

185.0 

62.4 

46.8 

19.0 

I f  100% of t h e  r a d i o a c t i v i t y  shown i n  Table 111-26 w e r e  r e l e a s e d  
du r ing  unfavorable  atmospheric d i s p e r s i o n  by f i r e ,  explosion,  o r  
o t h e r  mechanism, t h e  maximum o f f s i t e  dose commitment would be 7 m r e m .  
This  dose would r e s u l t  from i n h a l a t i o n  of r ad ionuc l ides  w i t h i n  t h e  
plume. A backup f i l t r a t i o n  system ( t h e  A P S )  has now been i n s t a l l e d  
a t  ICPP (desc r ibed  i n  Sec t ion  II.A.3.a) which p rec ludes  t h i s  a c c i d e n t a l  
release; however, t h e  a c c i d e n t  i s  p resen ted  as an upper value r e f e r e n c e  
case. 

To reduce t h e  p o t e n t i a l  f o r  l a r g e  a c c i d e n t a l  releases t o  t h e  
atmosphere, t hose  f a c i l i t i e s  w i t h  t h e  p o t e n t i a l  f o r  high-level  releases 
are equipped wi th  r a d i a t i o n  monitors  which sample t h e  exhaust stream 
downstream from t h e  f i l t e r s .  A l l  HEPA f i l t e r s ,  through an  ERDA- 
wide program, are requ i r ed  t o  be t e s t e d  p e r i o d i c a l l y .  
tests varies from f a c i l i t y  t o  f a c i l i t y  based on use f a c t o r s .  Most 

The time between 
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of the filtered exhaust streams at INEL have differential pressure- 
measuring devices across the filter elements which indicate to the 
operators the filter condition on a continuous basis. When the filters 
become loaded, they are replaced with new filters, which are tested 
before the system is put back into operation. The old filters are 
treated as solid waste and are sent to RWMC for disposal. 

Abnormal or accidental releases of gaseous or aerosol radioactivity 
can be conceived, but they are highly improbable. The rare gas plant 
at ICPP, while operating to recover krypton-85, could experience 
an unscheduled process shutdown that could cause liquified krypton-85 
(up to 5,000 Ci) to volatilize and be released to the plant atmosphere. 
If this accident were to happen during unfavorable weather conditions, 
the maximum offsite wholebody exposure from immersion in the plume 
would be 0.005 mrem. 

2 .  Nonradioactive Airborne Waste Incidents 

The quantities and types of nonradioactive airborne 
wastes are those common to most industries. No accidents are envisioned 
which would result in an appreciable impact upon the environment. 
The nitrogen oxide gases from ICPP represent the maximum quantities 
of industrial effluents being introduced into the atmosphere at INEL. 
These gases are released on a continuous basis to the atmosphere 
through a 250-ft-high stack. Ground-level concentrations do not exceed 
release guidelines for these gases. There is no holdup of these 
gases as they are generated; therefore, there is no possibility of 
abnormally high ground-level concentrations of nitrous oxide gases 
over what has been monitored and measured for various types of weather 
conditions which affect concentration. 

3 .  Radioactive Liquid Waste Incidents 

Since high-level (content of radioactivity) liquid 
waste and intermediate- to low--level liquids are controlled and processed 
separately, they are discussed separately. 

a. High-Level Liquid Waste Incidents 

(1) Tank Leakage 

The only location at INEL where high-level wastes 
These wastes are routed are generated and processed is at ICPP. 

for interim storage to 300,000-gallon underground stainless steel tanks 
which are enclosed in secondary concrete vaults. Stress calculations 
show that these storage tanks will withstand the maximum earthquake 
(ground acceleration 50.33 g) postulated for INEL. 
tank give continuous level readings. The vaults are all equipped 
with concrete sumps; each sump also has level instrumentation and a 
level alarm. The alarms sound both in the tank farm control house 
and in the main process building operating corridor, which is continually 
manned. 

Probes within each 
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There has been no leakage from the large waste tanks, and no 
abnormal credible conditions are envisioned which would result in 
substantial undetected leakage from them. Any leak in excess of 
approximately 5-10 gallons from a tank would collect immediately in 
the vault sump and activate the sump alarm. 
before any action would be taken. This sampling would take less 
than 30 min. If the liquid found in the sump were determined by 
monitoring not to be waste from the tank (nonradioactive surface 
water), it would be jetted to the process equipment waste collection 
system. However, if a leak from the tank had occurred, the sump jet 
(40  gallons/min capacity) would be activated immediately, to transfer 
the liquid back into the tank. At the same time, the leaking tank 
would be emptied by jet to the spare tank (always kept empty as a 
precautionary measure) so the leak in the tank could be repaired. 
Each waste tank is equipped with the two steam jets and each jet has 
a capacity of 40 gallons/min. 
be removed at a rate of 80 gallons/minj which would empty a 300,000- 
gallon tank in about 60 hr. 

The sump would be sampled 

Therefore, liquid from a waste tank can 

(2 )  Loss of Cooling to High-Level Liquid Waste Tanks 

Cooling coils line the inside walls and floor of the 
several 300,000-gallon interim storage tanks for high-level liquid wastes. 
Additionally, water-cooled reflux condensers on each cooled tank vent 
to the ICPP vessel off-gas system. The off-gas passes through a HEPA- 
filter bank in the atmospheric protection system. 

The cooling coils within each tank are an interconnected system 
of individual coils. Each coil can be valved into or out of service. 
Should one coil fail, it simply can be valved out-of-service, and the 
tank can be cooled by the remaining coils and the refluxrondenser. 

Rarely is continuous cooling required in the high-level tanks. 
As a precautionary practice, however, the cooling water is turned on 
whenever fresh waste is transferred into a tank. Nominally, depending 
on the age of the fuel being processed, or itg average burnup, and on 
the age and amount of waste already in the tank, the cooling water is 
turned off again within one month of a fresh addition of waste. If 
very little or no waste were in a receiving tank before transfer and 
some fresh waste from dissolving a high-burnup fuel were being generated, 
it is conceivable that some surface boiling could occur if cooling 
water were not present. 

Absense of cooling water would be discovered by preoperational 
checks before waste transfer began. 
switched to another receiving tank which had cooling water. Were 
all the cooling water to the entire tank farm lost, dissolution of 
fuel would not be initiated. 

This permits the transfer to be 

Nonetheless, if cooling were lost, the reflux condensers would 
be the primary safeguard to return condensed vapors to the tanks. 
Any vapors escaping the reflux condensers would condense in the off- 
gas line which drains to one of the large storage tanks. Since the 
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off-gas is HEPA-filtered before release to the atmosphere, virtually 
all entrained fission products would be removed, and no environmental 
release would be probable. 

(3 )  Transfer Line Leakage 

All transfer lines carrying high-level liquid wastes 
to the interim storage tanks, between tanks, and to the Waste Calcining 
Facility are stainless steel, doubly-contained, and underground. Sumps 
along the lines collect any liquid that escapes the transfer line into 
the secondary containment. These sumps are monitored weekly. 

A few leaks in high-level liquid waste lines have been discovered 
at ICPP. 
(currently in use), a leak was discovered during the weekly sump check; 
the primary containment had failed, but the waste was held by the 
secondary encasement. The other leaks were discovered in rarely-used 
or abandoned lines when excavation around the lines was performed. 
these cases, the secondary encasement also had been breached. A leak 
that was discovered in September 1975 (item 29, Appendix C) is considered 
representative of the maximum leak that could be expected. This leak 
resulted in the l o s s  of approximately 14,000 gallons of high-level 
liquid waste which contaminated a subsurface soil zone 150 by 20 ft 
along a backfilled area of a pipe trench at a depth generally between 
12 and 25 ft. The contaminated soil zone is in a controlled, fenced 
area and has been mapped. It has been left in place since future required 
excavation in the area has not necessitated the removal of the contaminated 
soil to RWMC. 

(See items 28 and 29 in Appendix C.) In one active line 

In 

A detailed calculational model of the ion-exchanged properties of 
the soil surrounding the waste lines and tanks has not been developed. 
The encasement design, sumps, and operating history at ICPP indicate 
that environmental contamination from leaking waste lines is not a 
significant hazard. For subsurface contamination, the policy in the 
future will be to analyze the extent of contamination by probes, 
then leave the contaminated soil in place if it does not constitute 
a radiation hazard to plant personnel. Appropriate mounding or surface 
treatment will be undertaken above the soil body to eliminate possible 
downward migration of the contamination. If the contamination extends 
to the surface or to where operational necessity dictates that a soil 
body be removed, all soil exhibiting a surface reading, within the 
excavating tool used, of greater than 2.5 mr/hr at 4 in. will be 
transferred to RWMC. 

b. Low- and Intermediate-Level Liquid Waste Incidents 
w 

Holdup tanks and basins for the collection and temporary 
storage of low- and intermediate-level liquid wastes exist at a number 
of INEL operating facilities. The low- and intermediate-level wastes 
stored in these tanks are of such a nature that no special shielding 
is required, as distinguished from high-level wastes. Typically, 
collected solutions at these tanks or basins are sampled and analyzed. 
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From the analysis a decision is made, based on the radioactivity 
and isotopic content, either to transport the waste to a process 
facility for reduction in volume (usually by an evaporation process) 
and final storage or to discharge to a pond for settlement and solar 
evaporation. 

Liquid waste process streams at INEL facilities contain only 
trace quantities of plutonium or other transuranic elements; therefore, 
the potential for leaks from liquid waste storage involving substantial 
amounts of transuranic is nonexistent. The potential for accidental 
leaks does exist, however. Leaks in tanks and holdup basins containing 
low levels of fission and activation radioactivity have occurred 
at INEL (see Appendix C). To date no environmental degradation of 
any consequence has resulted from these minor releases. 
from leaks which have occurred has been quite localized and confined 
to relatively small volumes. Area decontamination has consisted 
of excavating and then transporting the contaminated soil to RWMC. 
The holdup tanks are of such a volume that the contents can be transferred 
to safe storage by tank truck if a leak is discovered. 

Soil contamination 

The holdup tanks at TRA are typical of most of the tanks at INEL. 
These tanks are sampled routinely, and if concentrations exceed discharge 
limits for routing to a nearby seepage pond, they are shipped to 
ICPP in a tanker truck for processing. The average concentration 
of the waste shipped to ICPP is approximately 2.2 x 10-4 Ci/gallon. 
Assuming that the largest holding tank at TRA (10,000 gallons) was 
filled with liquid at this concentration and a leak went undetected 
so that the entire contents were released, a total of 2.2 Ci of radioactivity 
would be released to the subsoil surrounding the tank. The ion- 
exchange properties of the soil would act as a filtering medium. 
Laboratory modeling and experience with settling basins show that, 
with the exception of tritium, all of the released radionuclides 
would be expected to be confined to an area within a few feet of 
the tank. If necessary, this area could be excavated and the contaminated 
soil sent to RWMC. 

4 .  Nonradioactive Liquid Waste Incidents 

Abnormal conditions associated with these systems 
would not pose an appreciable impact upon the environment. These. 
wastes are routinely routed to disposal wells or surface ponds. A 
spill prior to reaching the pond or an abnormal amount of chemically 
contaminated water reaching the pond at any given time would not 
result in identifiable adverse consequences. 

5. Radioactive Solid Waste Incidents 

These wastes are represented by the calciner solids 
stored in stainless steel bins, high-level wastes stored in small 
welded steel enclosures at EBR-11, transuranic wastes stored in 55- 
gallon drums at TSA, and wastes buried in trenches and pits at RWMC. 
The designs of these facilities have provided protection against 
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c r e d i b l e  ear thquakes,  f l ood ing ,  and o t h e r  n a t u r a l  phenomena which otherwise 
would r e s u l t  i n  l o s s  of con ta ine r  i n t e g r i t y .  The w a s t e s  a t  RWMC 
are, however, i n  more i n t i m a t e  c o n t a c t  w i th  t h e  environment, and 
even t s  can be p o s t u l a t e d  which may r e s u l t  i n  p o s s i b l e  movement of 
t h e s e  wastes. Each of t h e  p o s s i b l e  abnormal occurrences and p o s t u l a t e d  
e f f e c t s  upon wastes a t  RWMC are descr ibed below. 

a. Flooding 

Flooding, e i t h e r  from overflow from t h e  Big Lost River, 
whose channel is  1.5 m i  from RWMC, o r  from l o c a l  snowmelt on t h e  
p l a i n  could cause a t h r e a t  of t r a n s p o r t a t i o n  of t h e  r a d i o a c t i v e  
material  contained a t  RWMC. Future  movements of waste by f looding 
are considered u n l i k e l y  because of RWMC's l o c a t i o n  on a l a r g e  p l a i n .  
Flooding would r e s u l t  i n  l i t t l e  f lood  c u r r e n t .  O f  f a r  g r e a t e r  concern 
i s  flood-induced l each ing  of r a d i o a c t i v e  contamination from t h e  waste 
i n t o  t h e  water t a b l e .  

The Snake River P l a i n  a q u i f e r  u n d e r l i e s  RWMC a t  a depth of 
about 580 f t .  To contaminate t h e  water t a b l e  would r e q u i r e  t h a t  
t h e  r a d i o a c t i v i t y  be c a r r i e d  from nea r  t h e  s u r f a c e  down through s o i l ,  
b a s a l t ,  and sedimentary material. These materials a c t  i n  such a way 
t h a t  even if water from t h e  s u r f a c e  should p e r c o l a t e  t o  t h e  water t a b l e ,  
t h e  underground water r e sources  would n o t  n e c e s s a r i l y  be contaminated. 
The clay-bear ing s o i l s ,  sediments,  and t o  some e x t e n t  t h e  b a s a l t  beneath 
INEL e x h i b i t  ion--exchange p r o p e r t i e s ;  i . e . ,  chemical and p h y s i c a l  
r e a c t i o n s  occur between r a d i o a c t i v e  i s o t o p e s  i n  s o l u t i o n  and t h e  
elements i n  t h e  s o i l  i n  such a way as t o  bind t h e  r a d i o a c t i v e  material  
i n  t h e  s o i l  and prevent  f u r t h e r  downward migrat ion.  Other f a c t o r s  
e x i s t  t o  l i m i t  t r a n s p o r t  of wastes; t h e s e  inc lude  h i g h l y  s t a b l e  waste 
forms (much of t h e  r a d i o a c t i v i t y  i s  contained i n  s t a i n l e s s  steel  
o r  o t h e r  s o l i d  metals which are h igh ly  r e s i s t a n t  t o  c o r r o s i o n ) ,  s o l u b i l i t y ,  
and a c i d i t y .  The l a s t  two are e s p e c i a l l y  important when cons ide r ing  
plutonium waste leaching.  Construct ion requirements f o r  t h e  b u r i a l  
t r enches  s t i p u l a t e  t h a t  a t  least  2 f t  of s o i l  e x i s t  between t h e  bottom 
of t h e  t r ench  and t h e  underlying b a s a l t  l a y e r .  These f a c t o r s  a l l  
work toge the r  t o  m i t i g a t e  t h e  consequences of a f lood .  

The t h r e a t  of major f lood ing  of RWMC from Big Lost River overflow 
a t  f lood s t a g e  i s  mi t iga t ed  by a f lood  c o n t r o l  system. 
embankments cons t ruc t ed  i n  1958 d i v e r t  high water t o  a system of 
spreading grounds. 
Big Lost River ,  a d d i t i o n a l  eng inee r ing  and economic s t u d i e s  are being 
conducted t o  improve t h e  f lood c o n t r o l  system. 

E a r t h f i l l e d  

Although RWMC has never been flooded from t h e  

b . Earthquake 

Although t h e  INEL is  i n  a t e c t o n i c a l l y  active area, seismic 
a c t i v i t y  and f a u l t  d a t a  show t h a t  most of t h e  ear thquake a c t i v i t y  
i s  i n  o r  nea r  t h e  mountains surrounding t h e  Snake River P l a i n .  Some 
l o c a l  shaking may accompany d i s t a n t  ear thquakes t h a t  occur i n  t h e  
mountains, b u t  t h e  s a f e t y  of t h e  materials a t  RWMC would no t  b e  th rea t ened .  
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Tornado c* -- 
Although tornadoes are possible in Idaho, their probability 

of occurrence with enough energy to disrupt RWMC is small. 
shows that the 55-gallon drums used to store transuranic contaminated 
wastes from Rocky Flats will withstand tornado buffeting. Although 
the effect of a tornado on an uncovered trench could result in lifting 
and spreading of contaminated contents over extended distances, the 
spreading would be of low-level activation and fission product types, 
and the environmental impact of the dispersed radioactivity would 
not be major. 

An analysis[l141 

d. Volcanic Activity 

Much of the Snake River Plain has been subjected to both 
rhyolite and basalt volcanism in the geologic past. It would appear 
that volcanism can be expected to occur again on the plain, probably 
along recently active rift zones. The possibility of future caldera 
related rhyolite eruptions on the Snake River Plain appears to be 
very remote. Rift controlled basalt eruptions can be expected to occur 
on the Snake River Plain again. The probability of basalt eruptions 
occurring within INEL and RWMC in any given year may be on the order 
of 1 in 10,000. 

e. Fire 

Since much of the volume of the wastes buried is combustible 
material, the potential for fire exists. Only three fires have occurred 
at RWMC in 22 yr of operations and two of these occurred on successive 
days. They were extinguished with water and by bulldozing soil over 
the smoldering material. Procedures were then changed to backfill 
the trenches progressively as waste is added. The third fire occurred 
in a drum of Rocky Flats waste that was temporarily stacked at RWMC 
prior to being stored on the TSA pad. The fire was extinguished 
and the contamination spread was limited to within 10 ft of the drum. 

The major concern from fires in the waste is the spread of airborne 
radioactivity and subsequent fallout and exposure of downwind populated 
areas. Conservative calculations show that the impact from postulated 
fires in the waste burial pits would be quite minimal, but a major 
fire in the plutonium-bearing Rocky Flats waste stored on the TSA 
pad could result in contamination of the ground within a 1- or 2-mi 
radius. The cost of decontamination could be substantial; however, 
the majority of the contamination would be within the site boundary 
and no agricultural land would be affected. 
of a fire in conjunction with the 55-gallon drums is low, the risk 
has been reduced further. The drums containing the transuranic wastes 
are compartmentized within the TSA to limit the plutonium inventory, 
and all box storage arrays and wood stacking material are pretreated 
with a fire resistant coating. In addition, the compartments are 
separated and covered with soil to reduce the available oxygen and 
spread of fire, should one occur. 

Even though the probability 
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f .  Chemical Explosions or Nuclear Criticality 

A chemical explosion could cause local contamination spread, 
but the greater hazard would result from a nuclear-induced fire with 
consequences like those discussed above. A nuclear criticality accident, 
caused by an accumulation of sufficient fissile material and moderator 
in an optimum geometry, is highly unlikely to occur because strict 
accountability and record requirements ensure that specified fissile 
material concentrations are not exceeded. The highest permitted concen- 
tration of fissile material (plutonium-239) is in the Rocky Flats waste 
drums stored on the TSA pad. Calculations, using highly conservative 
assumptions, show that even these storage arrays are grossly subcritical. 
In addition, the actual quantity of fissile material is far below 
the permitted concentrations. The environmental consequences from 
a nuclear criticality, although unlikely, are of the same magnitude 
as a fire in the plutonium-bearing material as discussed above. 

g. Handling and Disposal I 

Current waste handling procedures at each of the waste 
management sites are designed to retain radioactive contamination 
during handling. It is conceivable, however, that burrowing animals 
might become contaminated by contacting buried waste. It is also 
conceivable that minute amounts, which are now undetectable, might in 
the future contaminate the immediate land surface adjacent to RWMC 
to the extent that the accumulation might become detectable. This 
accumulation could result from windblown radioactivity, flooding 
in the area, and transport by small animals. Samples of soil around 
RWMC will continue to be taken to identify any buildup of radionuclides 
in surface s o i l s .  

6 .  Nonradioactive Solid Waste Incidents 

These wastes currently are disposed of in a sanitary 
landfill. As most of the waste is combustible, a fire is possible. The 
consequence of a fire would be minor and limited to the combustion 
of a day's accumulation of scrap material. (The sanitary landfill 
is covered on a daily basis.) 
the sanitary landfill, high winds also can be a mechanism for scattering 
paper and other windblown debris in the immediate area. This mechanism 
is being controlled by a 4-ft-high fence. 

During the placement of wastes in 

7. Handling and Transportation Incidents 

Abnormal circumstances could result in accidents during 
handling and transport of waste materials at INEL. Accidents could 
occur while moving solid radioactive waste from facilities to RWMC. 
These accidents could be initiated by a fire in the transport container, 
collision of the transport vehicle, or l o s s  of container from a transport 
vehicle. 

A fire in a transport container would occur most likely in the 
routine contaminated trash transported to RWMC in Dempster dumpsters. 
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These wastes normally c o n t a i n  combust ibles ,  b u t  an i g n i t i o n  source is  no t  
r e a d i l y  i d e n t i f i a b l e .  However, i f  a f i r e  were t o  occur ,  t h e  consequences 
could be severe.  On an INEL-wide b a s i s  t h e r e  is  an average of one 
shipment pe r  day of t h i s  type waste. An average shipment c o n t a i n s  
0.31 C i  of r a d i o a c t i v i t y .  
w a s t e  i s  a combination of mixed f i s s i o n  and a c t i v a t i o n  products .  There 
are no i d e n t i f i a b l e  a c t i n i d e s  i n  t h e  w a s t e .  However, h igh - rad ia t ion  
i n h a l a t i o n  exposures (>5000 rem) could r e s u l t  t o  t h e  d r i v e r  of t h e  
t r a n s p o r t  v e h i c l e  i f  he remained downwind and inha led  t h e  c o n t e n t s  of 
t h e  plume f o r  a s i g n i f i c a n t  per iod (30 min). 
r e s u l t s  mainly from t h e  strontium-90 component of t h e  waste, assuming 
i t  became a i r b o r n e .  I n  a l l  p r o b a b i l i t y  t h e  d r i v e r  of t h e  t r a n s p o r t  
v e h i c l e  would n o t i c e  t h e  smoke from t h e  f i r e ,  s t o p  t h e  t r u c k ,  t a k e  
p r o t e c t i v e  a c t i o n  from t h e  smoke plume, and r e c e i v e  no exposure. Even 
i f  a l l  t h e  r a d i o a c t i v i t y  were r e l e a s e d  t o  t h e  atmosphere, t h e  impact 
upon t h e  land would probably be l o c a l  and amenable t o  decontamination. 
The 0.31 C i  i s  a l s o  only a f r a c t i o n  of t h e  s m a l l  amount of p a r t i c u l a t e  
r a d i o a c t i v i t y  now being r o u t i n e l y  r e l e a s e d  t o  t h e  atmosphere from 
s t a c k s  a t  INEL p l a n t s .  

The r a d i o a c t i v i t y  i n  t h e  low-level s o l i d  

This  p o s t u l a t e d  exposure 

An acc iden t  could a l s o  be p o s t u l a t e d  during t h e  t r a n s f e r  of 
sh i e lded  casks con ta in ing  w a s t e  materials of h igh  r a d i o a c t i v i t y .  
The maximum c r e d i b l e  acc iden t  r e s u l t s  from a motor v e h i c l e  acc iden t  
i n  which t h e  sh i e lded  cask ( c o n t a i n e r )  i s  broken open and t h e  c o n t e n t s  
s p i l l e d .  No releases of gaseous a c t i v i t y  would be involved. The 
acc iden t  a t  most would contaminate t h e  l o c a l  area where t h e  s p i l l  
occurred.  High dose rates could be encountered by workers du r ing  
r e p o s i t i o n i n g  of t h e  s p i l l e d  material i n t o  ano the r  c o n t a i n e r .  Radiat ion 
levels as high a s  25 t o  30 R/hr a t  6 f t  from t h e  source could b e  
expected. 

The t r a n s f e r  of l i q u i d  wastes i n  a t anke r  t r u c k  a l s o  is a source 
of a c c i d e n t a l  s p i l l  of r ad ionuc l ides .  These low-level l i q u i d  wastes 
are shipped r o u t i n e l y  from TRA t o  ICPP. Approximately 20 shipments,  
con ta in ing  an average of 6,000 g a l l o n s  and 1 . 3  C i  of r a d i o a c t i v i t y ,  
are made each yea r .  S p i l l a g e  du r ing  load ing ,  unloading, o r  an acc iden t  
en rou te  could be p o s t u l a t e d .  These a c c i d e n t s  would n o t  r e s u l t  i n  
a i r b o r n e  r a d i o a c t i v i t y ,  and contamination would be l i m i t e d  t o  t h e  
area of t h e  s p i l l .  The r a d i a t i o n  level i n  t h e  area of t h e  s p i l l  
i n  a l l  p r o b a b i l i t y  would be less than  20 mR/hr. The moist  ground 
i n  t h e  v i c i n i t y  of t h e  s p i l l  could be e a s i l y  removed and replaced 
wi th  uncontaminated s o i l .  Any impact would be l o c a l  i n  n a t u r e .  
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